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Exam on
May 3, 2020

with exclusive and brain storming MCQs

8

Practicing these MCQs help to strengthen your concepts and give you extra edge in your NEET preparation

A pan with a set of weights is attached with a light
spring. When disturbed, the mass-spring system
oscillates with a time period of 0.6 s. When some
additional weights are added then time period
is 0.7 s. The extension caused by the additional
weights is approximately given by

(a) 1.38cm (b) 35cm (c¢) 1.75cm (d) 2.45cm

Two metal spheres are falling through a liquid of
density 2 x 10° kg m™ with same uniform speed.
The material density of sphere 1 and sphere 2 are
8 x 10> kg m™> and 11 x 10° kg m™ respectively.
The ratio of their radii is

11 11 3 3
@ < ® J; CIEN G

A planet moves in an elliptical orbit around the
sun. The eccentricity of the orbit is e. The ratio
of maximum velocity to minimum velocity of the

planet is
l1+e | e e
g B) =2 v d) ——
(@) l—¢€ (b) l1+e¢ (c) l1—-¢ ( ) l+e

In the following equation, x, t and F represent
displacement, time and force respectively.

PHYSICS FOR YOU | OCTOBER ‘19

|

ct+x

The dimensional formula for Ad is

() ML’ T (b) ML T

(¢) ML T (d) M'L'TH

A stone is dropped from a height h. It hits the
ground with a certain momentum p. If the same
stone is dropped from a height 100% more than the
previous height, the momentum when it hits the

ground will change by
(a) 68%  (b) 41%

A bullet of mass 10 g leaves a rifle at an initial

F=a+bt+ + A sin (0t + 9)

(c) 200% (d) 100%

velocity of 1000 m s~ and strikes a target at the
same level with a velocity of 500 m s™*. The work
done in joule to overcome the resistance of air will
be

(a) 5000 (b) 3750 (c) 500  (d) 375

If pressure at half the depth of a lake is equal to
2/3 of the pressure at the bottom of the lake then,
what is the depth of the lake?

(a) 10m (b)) 20m (¢) 60m (d) 30m

Three metal rods of the same material and identical
in all respects are joined as shown in the figure.
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Thetemperaturesatthe ends go°c  15. Cp and Cy, are specific heats at constant pressure

are maintained as indicated. and constant volume respectively. It is observed
Assuming no loss of heat o 2 that Cp — Cy = a for hydrogen gasand Cp - Cy = b
from the curved surfaces of for nitrogen gas. So the relation between a and b is
the rods, the temperature at 90°C _ 20} b) 4= ] .
the junction X would be (Bl £==28 O = 14
(a) 45°C  (b) 60°C (c) 30°C (d) 20°C (c) a=b (d) a=14b
9. 1moleofanidealgasin pa (P.V.T) SOLUTIONS
a cylindrical container 112
, PV = constant .
have the PV dm\gram Bev.T) - (b): 275\/::0.6 (i)
as shown in figure. S k
It V, = 4V, then the — )
ratio of temperatures >V 2T T =04 ..(i1)
Tl/Tz will be 7 2 m+m’
@ B @ @2 DAARICE ¥ L (8) ~
2 4 2 4 g |
10. Two particles A and B are projected with same speed -y e
so that the ratio of their maximum heights reached i 36
is 3: 1. If the speed of A is doubled without altering — m’ i 4_9_1 g m’ _13 _yyrale 13m
other parameters, the ratio of the horizontal ranges m 36 m 36 36
obtained by A and B is Also, from (i) k  4n?
: : : : SO, from (1), we get — =
(@) 1:1  (b) 2:1 (c) 4:1 (d) 3:2 m (0.6)
11. A particle executes simple harmonic motion with red . m'g 13 mg
a time period of 16 s. At time f = 2 s, the particle Deslred extension = k36 % )
crosses the mean position while at =4, its velocity 13 0.36
is 4 m s™'. The amplitude of motion in metre is ~ 36 6AURS an? =3.5cm.
(a) Var (b) 16v/2m 2. (d):The terminal velocity of the spherical body of
(c) 24v2nm (d) 3242/ 7 radius R and density p falling through a liquid of

12. Two sources A and B are sending notes of density G is given by

frequency 680 Hz. A listener moves from A to B Py ng(p—G)g
with a constant velocity u. If the speed of sound in 'y 1

air is 340 m s~', what must be the value of u so that
he hears 10 beats per second?

where 1 is the coefticient of viscosity of the liquid.

() 20ms™ (b) 2.5m s 2 = ZRE(Pl -0)g vl e = 2R§'(p2 —0)g
(c) 3.0ms* () BT s ! Coh M ¢ M

13. Two roads cross at right angles at O. A person According to the given problem, vy =vy,
A walking along one of the road at 3 m s~ sees | R2 :0
another person Bwalking at 4 m s along the other Rlz (p, —0)=R; (p, —G) or —13 =270
road, when he is 18 m off from O. They are nearest Ry P=9°
to each other when A has walked a distance Substituting the given values, we get
(a) 1.8m (b) 2m  (¢) 3.0m (d) 3.6 m R (11x10°-2x10°) 9 3

14. The bob of a simple pendulum of length 1.2 m has RZ  (8x10°-2x10%) 6
a velocity of 7 m s”! when it is at the lowest point.
The bob would leave the circular path above the LTI
centre at a height R, 2
(a) 1.0m (b) 0.867 m 3. (a):Let m be the mass of the planet revolving
(c) 0.652 m (d) 0512 m around the sun.
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12

Vmax
According to the law of conservation of angular

momentum

MVmax "'min = "Vmin "max 6.

i max __ rmax

= (i)

¥ min

Vmin
~ I'mim

. r
For an ellipse, e = -03%
rmax + "min

2r

max

+ Mmin

1+ =]+ _min

rmax + rruin ’max

and 1—e=1- 'max ~Tmin _ 2 min

rmax + "min

rmax + rmin
l—e L.

l1+e T ax

..(ii)

Voax 1 He€

From eqns. (i) and (ii), we get =
min

+ A sin (0t + ¢)

l-e
1
¢+ xd
In a correct dimensional equation, every term has
the same dimensions.

(b):Given: F=a + bt +

In the term A sin (of + ¢), sin (w0t + ¢) has no 7.

dimension.
The dimensions of A are that of F,
[A] = [F] = [M' L! T2

Similarly in : , ¢ and xd have the same
c+ xd :
dimensions as that of —.
1 F
. —=F
C
1 1 T B
[c]={xd]=[—]= =ML T
)| ] =) '
[d]:H:““ LD v
X [L']

The dimensional formula for Ad is

[Ad]=M'L' T x M L2 T = [ MO L' T9)
(b): When a stone is dropped from a height h, it hits
the ground with velocity v, = J2gh

Momentum p; = mv, = My2gh

(1)
When the same stone is dropped from a height 2h
(100 % more than the previous height), it hits the

ground with velocity v, = J2g-2h

PHYSICS FOR YOU | OCIOBER"19

Momentum p, = mv, = HLJZ- (2gh) = sﬁpl

(Using (i))
Percentage change in momentum
_ {pZ ,..pl }X 100% = [\/ipl —Pl ]XIOO%
P P

= (V2 = 1)x100% = (1.41 - 1) x 100% = 41%
(b): Work done by a force
= Change in kinetic energy of the body
1 1 1
— Emvg‘ —-mvl2 :Em(vg —vlz)
[n this case, m =10 g =10 x 10> kg=10"*kg
and v; = 1000 m s and v, =500 m 5!

AW == x 1072 ((500)% ~ (1000)?]

2
|
=2 X 1072 [25 x 10* — 100 x 10%]

:_%xm—z x75x%10% = -3750 ]

The work done by the bullet is negative and hence
the work done on the bullet by the air resistance is
positive. Therefore, W = 3750 J.

(b):Pressure at half the depth = B, + ,21 pg

Pressure at the bottom = Py + hpg
According to the given condition

h 2
Po*‘ng:‘g(Po"‘hpg)

3h

2Py 2x1.01x10°
pg 10° %10

(b):Let T be the temperature at the junction.
Let L and A be the length and area of cross-section
of each rod respectively.

Heat current from Y to X is

= h= =20 m.

H, = KA(90°C~T)
L
Heat current from Z to X is
KA(90°C -
H, - (90°C-T)
L
Heat current from X to W is
H3 _ KA(TL—O C)




10.

11.

At the junction X,
Hy+Hy=H; . 90°C-T+90°C-T=T
or 3T=180°C or T=60°C
(a) : Ideal gas equation, PV = nRT
PV .
or = — Fone (1
nR )

According to the question, PV'% = constant (A)
Multiplying both side by \/y/

or PV=AJV

From eqns. (i) and (ii)

.. (ii)

nR
-
Now LA [+ V,=4V|]
T2 VZ
. L1
T, 2

(c):Let 0; and 0, be the angles of projection of
the two particles A and B and u be their velocity of
projection. As per question,

H, u’sin’0,/2g sin®0, 3

H, 1 sin? 0,/2g sin” 0, 1
; = 0
or S,mgl =/3 = tan60° = s?n i
sinf, sin30°

s B =60°and 0, =30°

When speed of A is doubled i.e., 2u, then
R (2u)*sin20, /g  4sin(2x60°)
R, 2 sin26, / g ~ sin(2x30°)
Ri:Ry=4:1

(d):Att =2 s, the particle crosses mean position.

Att=4s, its velocity is 4 m 5 -
For simple harmonic motion, y = a sin w¢

’ :asin(?ﬁ}t
Y T

—asin[(z—n) XZ]— asin(E)— s
/1 16 4)

At 4 s or after 2 s from mean position,

=4

L velocity =4 m s
YI‘J2-> ik

Velocity = m\/az - ylz

(Using (i))

12.

13.

14.
15.

(b):Listener moves from

A to B with velocity u. 2 =
The apparent frequency of 680 Hz 680 Hz

sound heard by the listener from source A
N R A 680( 340—u)
VEv 340 +0
The apparent frequency of sound heard by the
listener from source B

+ v
o — [ VT Yo :680(34O+u)
V=V, 340-0

But listener hears 10 beats per second.
Hence, v” - 1" =10
. 680(340+ u)_680( 340—u) T
340 340

=2B340+u-340+u) =10 = u=25 m s
(d):Let after time t, second when A is at C,
B reaches at D. Then the distance CD is least.
Therefore AC = 3 t metres, OD =4 t metres and
OC =(10 - 3 t) metres

CD? = OC* + OD* D

—(10-38)°+(t)? B
=25t°-60 ¢+ 100

or CD=[(5¢-6)%+64]"?

CD s leastif (5 - 6)* =0 C
or 5t-6=0 2
or 5t=6 or t=6/5=1.2s
So,AC=3Xx1.2=3.6m
(b)
(d): Heat capacity, Cp = (M,)S
where § is the specitic heat capacity
For H, as well as for N,

o
<+ A

<+ 10 m —»

(M.)SP— (M‘)SV =R or SP— sz ——
Ml
R
For H, gas, Sp - Sy = ;:a
R
For N, gas, Sp - Sy = _8:b
b R/28

Solution Senders of Physics Musing

SET-74

2

)

k)

Srinjoy Ghosh, Kolkata (W.B.)
Nitun Sarkar, Kolkata (W.B.)
Shrutam Saha, Kolkata (W.8.)
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requirements of these Entrance Tests.

CENTRE OF MASS

The centre of mass of a system of particles is the point
that moves as though

e All of the system mass is concentrated there and
o All external forces are applied there.

Centre of mass of a two particle system

o Consider a system of two particles Y4
P, and P, of masses my; and m,

respectively. Let 1 and f, be their
position vectors with respect to
the origin O, as shown in Fig. The

position vector Rcy of the centre
of mass C of the two particle
system is given by

CM ~
ny + niy
_ F4F
LI
It m, = my = m(say), then, Rqy = >

Thus the centre of mass of two equal masses lies
exactly at the centre of the line joining the two
masses.

If (x), y1) and (x,, y,) are the coordinates of the
locations of the two particles, then the coordinates
of their centre of mass are given by

m,y, +m
and Y, = XL TOBYs
my + m,

@ PHYSICS FOR YOU | OCTOBER 19
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System of particles and Rotational Motion

e In figure (a), two particles

VA

of masses ni, apd m, are XcM
separated by distance d.
The position of the centre o L . 22 o,
of mass (CM) of these < com o
two particles is given by d

. oo Ui &
xCM — d

Centre of mass of n-particles system

o For a system of n-particles of masses ni, niy,
ms, ..., M, having the position vectors 7,7, ....., T,
respectively with respect to coordinate system, the
position of the centre of mass is given by a position
vector

- _mlrl+m2r2+ ..... +m r. _
CM — o M

where, M is the total mass of the system.
The coordinates of centre of mass are given by
M

n
DMy, 2. Mz,
i=1

; - ; “CM

Centre of mass of a rigid body (or continuous
distribution of mass)

e The solid bodies contain so many particles (atoms)
that we can treat the bodies as a continuous
distribution of matter.




The ‘particles then become differential mass
elements dm, the sum become integrals, and the
coordinates of the centre of mass are defined as

1 . 1 , 1
xCL\/Izﬁ‘[xdm ’ yCL\/I ZEJ}/dm ’ ZCL\/I =E‘[de

where M is the mass of the body.

The position of the centre of mass of a system is
inde pe nde nt of the choice of coordinate system.

The position of the centre of mass depends on the
shape of the body and the distribution of its mass.

Hence it may lie within or outside the material of
the body.

In symmetrical bodies in which the distribution of
mass is homogeneous, the centre of mass coincides
with the centre of symmetry or geometrical centre.

Centre of mass of some well known symmetric
rigid bodies :

Position of Centre of Mass of different bodies

Y Rectangular plate
5 —t g p
i N b
CM 2 ’
* CM || I
Yem Yem = 5
*0 - Yox
| Cﬂ
Y Triangular plate
5 At the centroid,
h
h }’CM=’§3xCM:O
}’{::MI
X

Semi-circular ring

0O
yA
:E Xcv =0
Yen® &% N yem = 7 XeM
Oi

)’+ Semi-circular disc

Yoy = AR .
CM I CM

-

Hemispherical shell
R
Yem = 3> Xem =0

y..u Sohdhemlsphere
3R
Yem =g xcp =0

Circular cone (solid)

h

YoM = Vi Xxcy =0
O i
VA Circular cone (hollow)
kS h
Yem= 3 ¥om = 0
h
YcM
1 > X

Motion of Centre of Mass

For a system of particles, position of centre of mass

= N1, + a1y + Mata + ...
is Ry, = 11 1) 313

So, Velocity of centre of mass

o _ ml Vl + mzvz + ...... . ) g I
my +my + ... dt
Acceleration of centre of mass
a n mlal —|_ m2a2 _|_ a0 00 = dv
CM ~— Vo= —
m+m, +.... dt

Linear momentum of a system of particles is equal
to the product of mass of the system with the
velocity of its centre of mass.

If no external force acts on a system the velocity of
its centre of mass remains constant, i.e., velocity of
centre of mass is unaffected by internal forces.

- d(Mv -
From Newton’s second law F,, = ( dI;LM)

If I_fext =0 then v,; = constant.

ANGULAR VELOCITY AND ANGULAR ACCELERATION

Angular Velocity
It is defined as the time rate of change of angular
displacement and is given by w= c;—(: .
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e Angular velocity is directed along the axis of
rotation. Angular velocity is a vector quantity. Its
SI unit is rad s™! and its dimensional formula is
[IM°LOT ).

Relationship between Linear velocity and Angular

Velocity

e The linear velocity of a particle of a rigid body
rotating about a fixed axis is given by v =mx7
where 7 is the position vector of the particle with
respect to an origin along the fixed axis.

e As in pure translation motion, all particles of the
body have the same linear velocity at any instant of
time, in pure rotational motion, all particles of the
body have the same angular velocity at any instant
of time.

e For rotation about a fixed axis, the direction of the
angular velocity w does not change with time. Its
magnitude, however may change from instant to
instant. In general rotation, both the magnitude and
direction of ®» may change from instant to instant.

Angular Acceleration
e It is defined as the time rate of change of angular
| o do
velocity and is given by, O = T

e Angular acceleration is a vector quantity. Its SI unit
is rad s and its dimensional formula is [M°L°T ™)

Kinematics Equations of Rotational Motion
°* W=y +O0t

1
o 8:m0t+5at2

=’y + 200
where the symbols have their usual meanings.

TorQue Anp AncuLar MoMENTUM

° (02

Torque

e Torque is the turning effect of a force. If a force
acting on an object has a tendency to rotate the
body about an axis, the force is said to exert a torque
on the body. It is a vector quantity.

e Invector form,

Torque, T=7XF
In magnitude, T =r F sinf.
Here 0 is the angle between 7 and F.

e Torque has the same dimensions as that of work i.e.
[ML*T ~2]. But work is a scalar quantity whereas
torque 1s a vector quantity.

16
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e By convention, anticlockwise moments are taken
as positive and clockwise moments are taken as
negative.

Special Cases
Axis of rotation

I
:C' i V. ;
® If 9=0°then =0
(the rod will not rotate)

2

1£6=180°%thent=0
(the rod will not rotate)

Axis of rotation

’ I E

O

Axis of rotation

O | P

If 8 = 90°, then 1= rF (maximum torque)

Note : Same force acting at the same point can produce
either anticlockwise or clockwise torque depending
upon the location of the axis of rotation as shown in

the figure.

Axis of rotation
C

I. .

B
& F

Anticlockwise torque

Axis of rotation

Clockwise torque

Work Done by a Torque and Power
e Work done, W = torque x angular displacement

=1 X A0

aw

e Power, P= —:’td—oz
dt dt

Angular Momentum

e Angular momentum of a particle about a given axis

is the moment of linear momentum of the particle

W

about that axis. It is denoted by symbol L .

o Angular momentum L=7xp
In magnitude, L = rp sinf
where 0 is the angle between 7 and p.

e Angularmomentumisavector quantity. Its ST unitis
kg m” s~ !, Its dimensional formula is [ML*T '].

Relationship between Torque and Angular
Momentum

Rate of change of angular momentum of a body is equal
to the external torque acting upon the body.

dL

Mathematically, T_,; = o




Law oF ConservaTiON OF ANGULAR MIOMENTUM

If no external torque acts on a system then the total
angular momentum is conserved.
o dL _
i, To =0 then — =0 or L = constant

dt
Thus, if no external torque acts on a system, total
angular momentum of the system remains constant.
This is a statement of law of conservation of angular

momentum.

Applications of Conservation of Angular
Momentum

e A planet revolves around the sun in an elliptical
path. When it comes near the sun, the moment
of inertia of the planet about the sun decreases.
In order to conserve the angular momentum, the
angular velocity shall increase. Similarly, when the
planet is away from the sun, there will be decrease
in the angular velocity.

e An ice-skater or a ballet dancer can increase her
angular velocity by folding her arms and bringing
the stretched leg close to the other leg. When she
stretches her hands and a leg outward, her moment
of inertia increases and hence angular speed
decreases to conserve angular momentum. When
she folds her arms and brings the stretched leg close
to the other leg, her moment of inertia decreases
and hence angular speed increases.

EquiLisrium oF A Ricip Boby

e A body is in rotational equilibrium, if the total
external torque on it is zero, i.e. 2t; = 0.

dL _
—=(0= L = constant
dt

ie., the body rotates with a constant angular
velocity.

o Center of gravity : A point of an extended body
where the weight of the body acts and total
gravitational torque on the body is zero, is known
as the centre of gravity.

@ Peep Into Previous YEARS

1. The position vector of the centre of mass 7., of
an asymmetric uniform bar of negligible area of
cross-section as shown in figure is

4 3
(a) ?’sz"g'[,x‘FgL}’
_ 13 A 5_a
(b) rcm=§Lx+8—Ly L_‘
(c) }'CmZELQ+EL’}\, L 2L 3L
8 8
n 5. A 13 4 .
(d) rcm:gLX+;Ly (JEE Main 2019)

2. The moment of the force, F=4;i+ 5}'_6f< at
(2,0, -3), about the point (2, -2, -2), is given by

(a) —8i—4j—7k (b) —4i—j—8k
(c) —7i—8j—4k (d) —7i—4j -8k
(NEET 2019)

MoMenT oF INERTIA

e The moment of inertia of a rigid body about a fixed
axis is defined as the sum of the products of the
masses of the particles constituting the body and
the squares of their respective distances from the
axis of rotation.

e The dimensional formula of moment of inertia is
[ML”T"]. The SI unit of moment of inertia is kg m*

and its CGS unit is g cm?.

e Momentum of inertia is the rotational analogue of
mass in linear motion.
The moment of inertia of a body depends on
- Mass of the body
- Size and shape of the body
- Distribution of mass about the axis of rotation.
- Position and orientation of the axis of rotation

with respect to the body:.

Radius of Gyration

o The radius of gyration of a body about its axis of
rotation may be defined as the distance from the
axis of rotation at which, if the whole mass of the
body were concentrated, its moment of inertia about
the given axis would be the same as with the actual
distribution of mass. It is denoted by symbol .

e The relation between moment of inertia I and
radius of gyration k is

e e sekea i
M

e Radius of gyration of a body about an axis of
rotation may also be defined as the root mean

square distance of its particles from the axis of
rotation.
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2

2 2
| 4+ Fotr
z.e.,k\jl 2 &
n

The SI unit of radius of gyration is m.

Theorem of Perpendicular Axes

It states that the moment of inertia of a plane
lamina about an axis perpendicular to its plane is
equal to the sum of the moments of inertia of the
lamina about any two mutually perpendicular axes
in its plane and intersecting each other at the point,
where the perpendicular axes pass through the
lamina. Mathematically,
Q:Q+@

where x-and y-axes lie in the plane of the lamina

and z-axis is perpendicular to its plane and passes
through the point of intersection of x and y-axes.

Theorem of Parallel Axes

It states that the moment of inertia of a body about
any axis is equal to the sum of the moment of inertia
of the body about a parallel axis passing through its
centre of mass and the product of its mass and the
square of the distance between the two parallel axes.
Mathematically, I = I + Md

where I, is the moment of inertia of the body
about an axis passing through its centre of mass
and d is the perpendicular distance between the
two parallel axes.

Moment of inertia and radius of gyration of some regular bodies about specific axis is given below :
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S.No. Body Axis of rotation Moment of Radius of
inertia (I) gyration (K)
(i) about an axis passing through the MR R
centre and perpendicular to its plane |
1 7 R
. + (ii) about a diameter — MR~ -
Uniform circular ring of 2 V2
mass M and radius R 3 3
(iii) about a tangent in its own plane EMRZ \/r R
2
(iv) about a tangent perpendicular to its 5 MR 25
plane
(i) about an axis passing through its centre 12 R
and perpendicular to its plane 2 2
(i) about a diameter L MR? R/2
Uniform circular disc of ‘51
I AnCrACing R (iii) about a tangent in its own plane ZMR“ Js g
(iv) about a tangent perpendicular to its > MR? 3 D
own plane : 2
.
z 2
(i) about its diameter 5 MR —R
Solid sphere of radius R | . - 2
and mass M 7 MR .
(ii) about atangential axis g gR
| . i
(1) about its diameter — MR 2 R
Hollow sphere of radius R 3 3
and mass M -
(ii) about a tangential axis 3 MR? P R
3




1
(i) about its own axis - MR =
2 2
Solid cylinder of length (ii) about an axis passing through centre M I’ N R’ 2 R2
5. f ! : : e 0
i R Ta s A of mass and perpendicular to its own axis e i o a
(iii) about the diameter of one of the faces M ¥ N R’ 12 R?
of cylinder s 31
(i) about its own axis MR? R
6 Hollow cylinder of mass M, | (ii) about an axis passing through its g2 -
' length / and radius R centre of mass and perpendicular to its | M| —+ JR__l_l__
own axis I 2 12 | 2 12
(i) about an axis passing through the ; I
centre of mass and perpendicular to the hebe —
_ Thin rod of length L and | od 12 Vi2
' Mass M . | |
(ii) about an axis passing through one MI> L
end and perpendicular to rod 3 J3
Rectangular lamina of . . . 5 B 5
g e it B lb A maes about an axis passing through its centre of M I“+b 2 +b
' M mass and perpendicular to plane 9 12
[ Uniform solid cone of | _ , ) —
5 S about an axis through its centre of mass 3 i ° 3
’ , ’ and joining its vertex to centre of base 10 0
height A 10
Parallelopiped of length 2, S
10. l, breadth b and height h, | about its central axis M[ i } !I +b
mass M 12 Vo

@ Peep INTo PREVIOUS YEARS

3. Two identical spherical balls of mass M and radius

(a) 2x10°Nm
(c) 2 X 10° N'm

R each are stuck on two ends of a rod of length
2R and mass M(see figure). The moment of inertia
of the system about the axis passing perpendicularly

through the centre of the rod is RoLLING
' 2R °
“ T
G i

about its point of contact.
209 137 . e Here, velocity of point P
(a) EMR (b) TS’MR is the vector sum of two
> terms v and rw. Here v is
(c) 152 MR? (d) = MR’ common for all points,

15 [5 while ro is different for

(JEE Main 2019)

(b) 2x 10°°*Nm
(d) 12x 107N m

different points, as r is different.
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4. A solid cylinder of mass 2 kg and radius 4 cm is
rotating about its axis at the rate of 3 rpm. The
torque required to stop it after 27 revolutions is

(NEET 2019)

Rolling is a special phenomenon and it can be
understood from two perspectives. Firstly, it can
be seen as a special combination of rotation and
translation. Secondly, it can be seen as pure rotation

19




Vp = \ﬂ,z + (ru))2 +2(v){rw) cos(90° — 6)

= \/vz — r2(02 +2vr® sinB

e Uniform pure rolling : In which v and ®» remain
constant.

Condition of pure rolling

is v = Rm. In this case

bottommost point of the

spherical body is at rest.

It has no slipping with its

contact point on ground.

Because ground point is £ : 5

also at rest. p

- If v > R, then net velocity of point P is in the
direction of v. This is called forward slipping.

- If v < Rw, then net velocity of point P is in
opposite direction of v. This is called backward

R:}/J’

&

slipping.
0
\ >y
R / ‘j
P
__'. pﬂ
Rw P v I 1+,
- - >

- If a spherical body is rolling over a plank,
condition for no slipping between spherical
body and plank is, v - Rw = v,

Mortion oF A Booy RoLLing wiTHouT Suipping
Down AN INcLINED PLANE

e When a rigid body rolls
down an inclined plane
without slipping, it has
a motion of translation
as well as of rotation. As
it rolls down, it suffers a
vertical fall and therefore
losses potential energy. At the same time it acquires
linear and angular speeds and hence gains kinetic
energy of translation and that of rotation. If there
is no loss of energy through friction etc., the loss in
gravitational potential energy is equal to the gain in
Kinetic energy.

e Consider a plane inclined at an angle 0 to the
horizontal and M be the mass and R the radius of
that circular section of the body which rolls on the
plane.

D
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e Let initially the body be at point A and at rest and
after some time it reaches B (figure.).

e In moving from point A to B, the body travels a
vertical distance h given by h = s sin 0, and hence
the loss of gravitational potential energy of the
body = Mgh = Mgs sin 0

e Because there is no slipping and it is assumed that
there is no dissipation of energy in any other way,
the loss in potential energy must be equal to the
gain in Kinetic energy of the rolling body. Thus,

1 1

Mgs sin © = EMvz + 51(02

Where [ is moment of inertia of the body about an
axis passing through its centre and perpendicular to
its end faces. Now above equation can be written as

2
Mgs sin O = le2+lI kil (1)
2 2 | R?
On solving,
. 2Mgh | 2gh
M + I/R? k*
_|_

1
V' g
o Differentiating equation (i), wr.t. time, we get

acceleration of rolling body,
_ Mgsin®  gsinB

G-= S
M +I/R? k*
1+
RZ
e Time of descent of a body rolling down an inclined
1
plane, from equation s = ut + 5 at” will be,

1 |2k ( I ) 1 Zh[ K2
t= M —_— = 1_|__
sin@ \ gM R®) sinB\ g R?

Analogy between Translational Motion and
Rotational Motion

The analogy between quantities that describe linear
motion and the corresponding quantities that describe
rotational motion is as shown in the table.

Linear motion Rotational motion
| about a fixed axis

1. | Displacement, x Angular displacement, )

o o Angular velocity,

Velocity, v =—
y dt M= @
dt




: . 6. A solid sphere is in rolling motion. In rolling motion
3. | Acceleration Angular acceleration bod o s
a Jo a body possesses translational kinetic energy (K;) as
a= P o= oy well as rotational kinetic energy (K,) simultaneously.
| The ratio K, : (K, + K,) for the sphere is
4. | Mass, M Moment of inertia, I (a) 7:10 (b) 5:7
: c) 10:7 S
5. | Force, F=Ma Torque, T = I (©) (d) 2 (NEETZ015)
6. | Work done, W =Fs | Work done, W =16 @ Points For ExTrRa Scoring
7. | Translational kinetic | Rotational Kinetic » A point mass is tied to one end of a string which
M2 Tw? is wound around a solid body, then. When the
energy, Kt = 5 energy, Kg = S mass is released, it falls vertically downwards.
8. |Power. P = Fv Power: P Tt Downward acceleration of point mass,
| __ 8
9. | Linear momentum, | Angular momentum, il ]
T o I
10. Equatlo.ns of | Equa.tlons of | Tension is string, T=mg
translational motion | rotational motion I+ mR2
Y= 1e 0L W =0, +
h) 1 2 . : Zgh
s=ufl + Eat 0=wyt + E ot Velocity of point mass, v = :
2_ 2 e 2 \ I+ —
V' - u" =2as W —w; =208 mR
where the. symbols | where the symbols have =
have  their usual | their usual meaning. Angular velocity of rigid body, w= \’ A :
meaning. I+mR
where m is the mass of point mass, R is the radius
@ Peep InTo Previous YEARS of the rigid body and ! is the moment of inertia
of the rigid body.
5. Two coaxial discs, having moments of inertia /; and » Moment of Inertia of annular disc through an
5 : : : .. axis
—» are rotating with respective angular velocities Passing through the centre and perpendicular to
)
w, and —-, about their common axis. They are the p;\l;ne
2 | p2
brought in contact with each other and thereafter I'= ?[Rl + Ry ]
they rotate with a common angular velocity. If Ef Passing through its diameter.
| . L - M
and E, ar.e the final and initial total energies, then e e e eI IR e et
(Ej— E;) 1S 4
, and outer radius respectively.
(a) - 1,5 (b) 3 I, » Moment of inertia of an equilateral triangular
24 8 lamina with side a passing through its centre of
i Ilmiz i Ilwf mas;;nzd perpendicular to the plane
6 12 fo itk
(JEE Main 2019) -
' Answer Key For Peep Into Previous Years E
) 1 (b) 2 (d) 3 (b) 4 (b) 5 (a) 6 (b) |

PHYSICS FOR YOU | OCTOBER "19




@

|lII WRAP it up!

The centre of mass of a system of three particles of
masses 1 g, 2 g and 3 g is taken as the origin of a
coordinate system. The position vector of a fourth
particle of mass 4 g such that the centre of mass of
the four particle system lies at the point (1, 2, 3) is

o + 2}' + 3k),where 0. is a constant. The value of o is
(a) 10/3  (b) 5/2 (c) 1/2 (d) 2/5

The rotor’s velocity of a helicopter engine changes
from 330 revmin™ to 110 rev min~" in 2 minutes.
How long does the rotor blades take to stop?

(a) 3min (b) 4min (c) 5min (d) 6 min

From a circular ring of mass M and radius R, an
arc corresponding to a 90° sector is removed. The
moment of inertia of the remaining part of the ring
about an axis passing through the centre of the ring
and perpendicular to the plane of the ring is k times

of MR?. Then the value of k is
(a) 3/4 (b) 7/8 (c) 1/4 (d) 1

What constant force, tangential to the equator should
be applied to the earth to stop its rotation in one
day?
(a) 1.3x 10N (b) 8.26 x 10°*N

(c) 1.3 x 10N (d) None of these.

A ring of mass M and radius R is rotating with
angular speed w about a fixed vertical axis passing
through its centre O with two point masses each of

M :
mass Y atrestat O. These masses can move radially

outwards along two massless rods jﬂ
fixed on the ring as shown in the ~
figure. At some instant the angular

ot o (5

speed of the system is — and one
: . 3
of the masses is at a distance of =R

5
from O. At this instant the distance
of the other mass from O is

@ 2R & ir (9 3R
5 3 5

4
d) =R
d)
A rotating wheel changes angular speed from
1800 rpm to 3000 rpm in 20 s. What is the angular

acceleration assuming it to be uniform?
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10.

11.

| .8

(a) 6 mrad s (b) 9 rad s™2
(c) 2mrads™ (d) 4wrads™

A solid ball of radius 0.2 m
and mass 1 kg is given an
instantaneous impulse of

50 N s at point Pas shown in p
the figure. Find the number

of rotations made by the ball
about its diameter before
hitting the ground. The ball

is kept on smooth surface
initially.

(a) 1721  (b) 861  (c) 497

The centre of mass of a non-uniform rod of length L

: Kx? ;
and mass per unit length ) = ——, where K is a

50 N s

(d) 540

constant and x is the distance from one end, is

@ = ®»z ©% @t

4 8 L L
A metre stickis held vertically g---c.__
with one end on the floorand | 3 i =
is then allowed to fall. If the |3 \
end touching the floor is not | : “n‘
allowed to slip, the other end | | P
will hit the ground with a | ————]

velocity of (g=9.8 m 5™7)

(@) 32ms! (b) 5.4 m s~}
(c) 76m s (d) 9.2 m s}

A coin of mass 10 g rolls along a horizontal table
with a velocity of 6 cm s™". Its total kinetic energy is

(@) 9u]  (b) 18] (c) 271  (d) 36 1]
A uniform rod AB of mass m and length 2a is
falling freely without rotation under gravity with
AB horizontal. Suddenly the end A is fixed when
the speed of the rod is v. The angular speed with
which the rod begins to rotate is
4v

@ L = © =

2a 3a 3a 4a

A solid sphere and a solid cylinder of same masses
are rolled down on two inclined planes of heights

(d)




13.

14.

15.

16.

17.

18.

19.

h, and h, respectively. If at the bottom of the plane
the two objects have same linear velocities, then the
ratio of h; : h, is

(a) 2:3 (b) 7:5 (c) 14:15 (d) 15:14

A disc is rolling on the inclined plane. What is the
ratio of its rotational KE to the total KE?
(a) 1:3 (b) 3:1 (c) 1:2 (d) 2:1

A disk and a sphere of same radius but different
masses roll off on two inclined planes of the same
altitude and length. Which one of the two objects
reaches the bottom of the plane first?

(a) Disk

(b) Sphere

(c) Both reaches at the same time.

(d) Depends on their masses.

In the figure shown ABCis A
a unif orm wire. If centre of
mass of wire lies vertically

h(0"
below point A, then BC s B g
close to AB
(a) 1.85 (b) 1.5 (¢c) 1.37 (d) 3
A cubical block of side 30 cm is &=30an

moving with velocity 2 m s~ on %—p
>—

a smooth horizontal surface. S
The surface has a bump at a point O as shown in
figure. The angular velocity (in rad s™') of the block
immediately after it hits the bump is

(a) 13.3 (b) 5.0 (c) 94 (d) 6.7

An automobile moves on a road with a speed of 54
km h™'. The radius ofits wheels is 0.45 m and the
moment of inertia of the wheel about its axis of
rotation is 3 kg m®. If the vehicle is brought to rest
in 15 s, the magnitude of average torque transmitted
by its brakes to the wheel is

(a) 10.86 kg m? s~2 (b) 2.86 kg m? s~2

(c) 6.66kgm?s™? (d) 8.58 kgm? s>

A unif orm disc of radius R lies in x-y plane with its
centre at origin. Its moment of inertia about the axis
x = 2R and y = 0 is equal to the moment of inertia
about the axis y = d and z = 0, where d is equal to

4 V17 J15

@ TR ©) %R (©) 3R (d) 2R

2

A boat of 90 kg is tloating in still water. A boy of
mass 30 kg walks from the stern to the bow. The
length of the boat is 3 m. Find the distance through

which the boat will move.

(@) 0.75m (b) 090m (c) 1.0m (d) 1.5m

20. From a disc of radius R and mass M, a circular
hole of diameter R, whose rim passes through the
centre is cut. What is the moment of inertia of the
remaining part of the disc about a perpendicular
axis, passing through the centre?

(a) 11 MR*/32 (b) 9 MR*/32
(c) 15 MR*/32 (d) 13 MR*/32

SOLUTIONS

1. (b): Let us take the (x, y z) coordinates of masses
1g 2¢g 3gand 4 gare (x, =0,y =0, z = 0),
(%, =0,y,=0,2z,=0)

(x3=0,y3=0,23=0), (x4 =0, ¥4 =20, z, = 30)

LR A PLE X X,

" Xem =
m, +m2 +m3 +m‘4
IX0+2%X04+3%xX0+4 %0
XCM:
1+2+3+4
401 5
l=—o0ora=-—
10 2

The value of o can also be calculated by Yy, and Zcwm.

2. (a): Initial angular velocity of the rotor,

o 27tx330 y
®. = 330 rev min b rads™
60
Final angular velocity of the rotor,
B 21t x110 o
@, =110revmin~' = rads™!
/ 60

Angular acceleration of the rotor,

2Tx110  270x 330 »
Y - rad s
e W 60
t 2% 60s
21txX 220 _ 21t X110 ,
g rads ™ =— rad s
2X60x%x6(0 60 x 60

when the rotor stops, ;=0
21tx 330 21rx110 ,

60 60 x 60

Using 0= w; + o, 0=

. 2711 X 330 x60 X 60
21 x110X%x60

3. (a): Moment of inertia of a ring about an axis

passing through the centre and perpendicular to the
ring is [ = MR?

=180 s=3min

(b)
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Mass of the remaining portion of the ring as shown in
M 3M
4 4

Moment of inertia of the remaining portion of the ring
about a given axis is

the figure (b) is M —

N’

I'= é MR? ..(1
4
Given I = kMR’ ..(ii)
From (i) and (ii) we get, k = 3/4
4. (a): , = 2w radian per day, ®, =0 and f = 1 day
O, -0, 0-2n rad 2t rad
o = = = 27{ ~ e 3 5
day- (86400)° s

t 1

Torque required to stop the earth T=Ia. = F x R

2

— F=IE=5 :2MR}<[1=1.3>{1022N

R R 5
5. (d): By conservation of angular momentum
f.MRE L MOR Md* \8w
\ 8§ 25 8 /9 o
- "’ 200R* +9R? +25d° ]g
\ 8 X 25 9

225R? — 209R? = 254°
16R? 4R
= =>d=—
25 5
6. (¢

7. (b): Impulse gives translational velocity

MR’ x o

MR*w =

dE

U= HRPUE along impulse =50m s
Mass

1

T = time of flight of projectile

21 sin© X 50 X si ?
_ _ 2 X 50%s1in60 :5\/3—5
g 10

Impulse give angular impulse also

Impulse x R Impulse x R

W= or W= —625rads ™’
I 2 2
mR
5 J_
125
Number of rotations, n = DL = ) = = 861
2T 27
P
8. (a): C—me )
x=0 § : x=1L
X dx
sz

Mass of the element PQ is dm = Adx = o dx
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I L. 3 (4 )
K
dem J a dx
L L. 2 i
K I 4
fam 5
0 0 L u3x‘

9. (b): In this process potential energy of the metre
stick will be converted into rotational kinetic energy.

Potential energy of metre stick = mg( i)

2
(Because its centre of gravity B
lies at the middle point of the || "~ -
rod) “\
Rotational Kinetic energy 3 B b
1 , 1/2 “,I
E - = I(D ! V}
2 A \J
I = Moment of inertia of
. . ml”
metre stick about point A = EY

® = Angular speed of the rod while striking the ground.
vg = Velocity of end B of metre stick while striking the
ground.

By the law of conservation of energy,

( [2 E
mg E)=11(1)2=£m (VB)
\ 2 2 2 3 !

By solving we get, v, = \/3gl —\3x10x1=54ms™".
10. (c) : The total kinetic energy of the coin is
1 1

K=K, +K,==Mv*+=Ie’
2 2
1 IR 2], .2 . 1 2
=—Mv* +—| —MR* |® " For coin, I =—MR*
2 2\ 2 2
[ v=Rw
S s m b
:ZMV =27u]
A B A B
11. (d): @ I 0 ’
a a
Vv

Angular momentum about A will be conserved,
i.e.) Lj == Lj

m(2a)2 3v
or mva=Iw or mva-= O = 0W=—
3 4a
12. (c) : In case of pure rolling of a solid sphere,
R _2
Ky 5

Where K = Rotational kinetic energy, K= Translational
kinetic energy.




Then at the bottom of the plane, Ky + Ky = mgh,

Ky, 2
or KT:Emghl as —= =
7 Ky 5
Ky 1
For solid cylinder, =& =~
Ky 2
As, Ky + Ky = mgh, Kr = %mghz

At the bottom, both have the same linear velocities,

i.e., they have the same translational kinetic energies

5 2 hy 14
Zondl =1omioh, & ol o
7 AT g T s

] 1
+E  =—mv* +=—]

13, (a): B, , =E ot = :

tran

14. (b): Time taken by the body to reach the bottom
when it rolls down on an inclined plane without slipping

is given by
2
21(14- « ]
t = RZ
V gsin®
Since g is constant and /, R and sin © are same for both
k2 2
l-l-'“d“ 1+ . i \
i N R 2R? R 2
Vo e —— ; kg ===k, =4-R
L kz N 2R JE 5
1+ -5 1+ 5 \
\ R SR
s = e me
V27 V1 .

Hence, the sphere gets to the bottom first.

15. (c): LetAB=p A
BC=q y/
A = linear mass density .
of the rod B | q ¥

According to question,
centre of mass of the rod lies vertically below point A.

(?uq}( g )+ (Kp}(i]msﬁﬂ“

Xcym = peos60°® =

AMp+q)
A :
= P22 4 2, =g+ 2
2 (p+q) 2
2 2
p po 2 \p) p 2

2 1
g _(_Ui‘j(_l) _4(1)(_2)J1tJ5

p 2 %1 2

1+4/3
Possible value of L =
p 2
16. (b): Since no external torque acts on the system,
therefore total angular momentum of the system about
point O remains constant.

Before hitting, L, = my=

2
After hitting , L¢= I

a mva
. mv—=Jer ®=

2 21
Here, I = moment of inertia of cube about its edge

a° [\Ea ]Z B ma’ + ma’ :Zmaz

= 1.366=1.37

=m-—+m
6 2 6 2 3

mvax3 3V -
W= = = =5rads I

rxomad  4a  4x0.3

17. (c) : Here, speed of the automobile,

' 5 L r
v=54kmh l=54><—ms 1=15ms :

18
Radius of the wheel of the automobile, R = 0.45 m

Moment of inertia of the whee] about its axis of rotation,
I=3kgm’

Time in which the vehicle brought to rest, # =15 s

The initial angular speed of the wheel is

1 —1 100 |
= SOOrad sTi=—"rads
0.45m 45 3

v lSms_l
O)f —
R

and its final angular speed is

Wy = 0 (as the vehicle comes to rest)
The angular retardation of the wheel is
0 100
W, — . -
s . N W S
4 15 45

PHYSICS FOR YOU | OCTOBER '19 @




—

The magnitude of required torque is

1=J&=(3 kg mz)(fgrad 3_2)

20 i _
:? kg m?s ™% =6.66 kg m?s™2

18. (b): An  axis passing
through x = 2R, y =0 is in ®
direction as shown in figure.
Moment of inertia about this
axis will be

Y
y=i;=ﬂ

-l (5
LA

1
I ZEmRZ - m(ZR)2 :E R? (1)

Axis passing through y =d, z=0is shown by dotted line
in figure. Moment of inertia about this axis will be

I :%mRZ + md* ..(i1)
By equations (i) and (ii), we get

L mR? +md® =2 mR? or d = ﬁR

4 2 2

19. (a): As shown in figure, let C;, C, and C be the
centres of mass of the boy, boat and the system (boy
and boat) respectively. Let x; and x, be the distances of
C, and C, from the shore. Then the centre of mass will
be at a distance,

30x; +90x,
30+90

ACM ~

xzi C::-C tCl

s I

Shore Hdm 3-dH

As the boy moves from the stern to the bow, the boat
moves backward through a distance d so that position
of the centre of mass of the system remains unchanged.
. 30[x; —(3—d)]+90(x, +d)
XCM ~ ] )
30+90

As X’CM = XM
30(x) =3+d)+90(xy +d) 30x; +90x,

120 120
= =-90+30d+90d=0
d=0.75m
: , M
20. (d): Mass per unit area of disc = —.
TR

Mass of removed portion of disc,

2
nR? 2 Z

Moment of inertia of removed — g
portion about an axis passing ‘
through centre of disc O and

perpendicular to the plane of disc,
I)=1g + M'd’

g
RY .+ My
4

(RY _ MR* MR® _3MR’
2 16 32

When portion of disc would not have been removed,

the moment of inertia of complete disc about centre O

1S
lg = — MR
2
So, moment of inertia of the disc with removed portion is
=1, 1= L MR _3MR® _13MR*
2 32 32

e

NEET 2020 DATE SHEET RELEASED

The entrance exam for the MBBS/BDS courses in india — National Eligibility cum Entrance Test (NEET) for undergraduate courses is going to be held on
May 3, 2020 (Sundayy). This is the second time the National Testing Agency (NTA) will be conducting the NEET. The application process will begin from
December 2 and will close on December 31. Interested candidates can apply at ntaneet.nic.in.

All those candidates who have passed class 12 are eligible to appear for the National Eligibility Entrance Test (NEET UG 2020). The exam will be held in
the pen-and-paper mode and from March 27, the applicants can download the NEET admit card. The result for NEET is scheduled to release on June 4.
NEET is a three-hour long exam which includes three sections — physics, chemistry and biolosy. Of the total 180 guestions, 90 would be from biclogy and 45
each from physics and chemistry. Preparation syllabus includes the whole of class 11 and 12 standard NCERT textbooks in the respective subjects.

Fvery correct answer would get plus four marks and every incorrect answer result in a negative mark. Questions that are not attempted do not have any
penalty marks. The National Testing Agency (NTA) has been set-up by the government of India responsibility of NTA to conduct the entrance test. Competitive
entrance exams including NEET UG, JEE, NET, etc. were earlier conducted by CBSE. In NEET 2019, record 15 lakh candidates applied and the exam was held

on May 5.




WHY

MOON
MATTERS

Earth’s satellite will likely be the base for
future interplanetary missions. A presence
there is of strategic importance.

Visilors 10 a village called Khodad, about 80 km
nofth of Pune, can easily spot a series of giant
dishes that rise against the sky. These are part of
a network of radio telescopes called the Giant
Metrewave Radio Telescope (GMRT). Built by the
National Centre for Radio Astrophysics (NCRA)
in Pune, GMRT looks deep into space and back in
lime, al events in the unverse not easily accessible
10 optical 1elescopes.

A set of radio astronomers at NCRA are especially
interested in events soon after the Big Bang, wilh
which the universe is supposed 10 have been born,
13.8 billion years ago. Optical telescope can only look
back 10 about 500 million years after the Big Bang.
Radio telescopes alone can peer into the secrels
beyond that. But radio telescopes like GMRT are
Punning into a problem on the earth — interference
from mabile 1owers and other eleciranic equipment.

Sometime in the near fulure, when the moon
opens up for scientists 10 set up experiments, radio
astronomers will be among the first set of scientists
10 exploil the radio-quiel zones there. A network of
radio telescopes on the moon can peer deep inlo
space without electrical interference. With proven
expertise in telescope-building, India will be an
automatic partner for international projects 1o build
radio lelescopes on the moon.

Whenthe GMR T was buill 20 years ago, Khodad was
a quiet village. Now mobile toweps have sprouted
everywhere, and radio astronomers al NCRA have
had 10 develop clever ways 10 weed out the naise.
Now no place on the earh is free from signal
interference.

The echo of electrical signals from the earth can reach
even the near side of the moon, but telescopes on
its far side will be completely free from interference.
"The far side of the moon is completely shielded from
the earh,” says Yashwant Gupta, director of NCRA.
"Setling up atelescope there is like a dream.”

Radio astronomers have been walching the moon
keenly for a few decades, haoping 10 set up their
lelescopes on the satellile one day. Powerful and
sensitive radio telescopes, free from interference,
can probe deep questions about the evolution of
the universe. Optical telescopes can look back
only to a point after the first stars were born. Radio

waves carry information about early structures in the
universe like the first stars and galaxies.

They are also supposed 10 carry information about
lhe first atoms in the universe, which may have
formed 380,000 years after the Big Bang. But these
signals are so feeble — less than a trillionth of the
energy of a mobile phone signal —that astronomers
need 10 weed out all noise.

While radio astronomers want 10 use the moon 10
figure out events in the early universe, planetary
scientists want to explore it to figure out how the solar
system was formed, and how the earth evalved into
i1s present state. The composition of the moon and
the earth are so similar that it is sometimes hard for
a geclogist 1o figure out where a rock or soil sample
has come from. But there is a crucial difference.

What Makes the Moon So Atlractive

The moon and the earth share a common past, but
the maon is frozen in time

Studying the moon tells us how the earth looked
like in the past

The moon is a great place 1o probe deep into space
because 1elescopes will have no interferences from
human aclivily

The moon is supposed 10 have been hived off from
the earth when both were still hot, some 4.4 billion
years ago, by the impact of a body roughly the size of
Mars. ILis the reason why the earth and the moon are
so0 similar. However, the earth has evolved while the
maaon is frozen in tlime.

The earth has plate tectonics that gradually erases
history from its surface. The moon died geologically
a billion years ago. Or, so we thought. Recently,
scienlists have noticed some geological aclivily
on the moon, but it is not of the kind that will erase
history on the surface. The moon has had large
volcanic eruptions like the earth, bul the last major
sel of eruptions happened 3.2 billion years ago.

Lacking an atmosphere, the moon does not have
weather, and so the surface remains largely intact.
Looking al the moon is like looking at the eafth a
long time ago. "The moon is the closest image of
the ancient earth,” says Deepak Dhingra, assistant
professor al lIT Kanpur. Dhingra, who had worked
on Chandrayaan-1 while at the Physical Research
Laboratory (PRL) in Ahmedabad, is a planetary
scientist who studies lunar crust evolution.

Our understanding of the moon has improved in
recent times. The most important in the last decade
was the presence of water on the moon. Scientists
have detected a small layer of water all over the
moon. Mulliple missions, including Chandrayaan-1,
have confirmed the presence of water on the poles.
Recent research has also indicated that there is
waler inside the moon.

If there are large amounts of water on the maon, it
may become easier 10 sel up a base there. Apart
from sustaining lite, water can be split to generate
hydrogen and oxygen, and they can serve as fuel
during the long lunar night (one lunar night lasts
about two earth weeks). It also removes the need
10 carry water from the earth when setting up bases.

The Apollo missions brought back 380 kg of samples,
of which 50% was preserved for five decades. This
was because NASA knew that technology 10 analyse
the samples will improve in the future, and so didn‘t
wan! 10 waste them. These samples were opened
and distributed this year 10 scientists who wanted to
study them. "There will be a lot of discoveries soon,”
says Dhingra.

The Indian moon missions have been driven by a
combinalion of scienlific and strategic factors. The
moon will be a base for planetary exploration, and
being present there will be of strategic value for
any country. I is the reason why the US, Eurape,
Russia, China, India, Japan, South Korea and a few
other countries are all planning moon missions in the
future.

Scientists will continue 10 piggyback on many of
these technology-led missions. And hope for exciting
discoveries over the nex! few decades.

Courtesy : The Economic Times
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Chapterwise Practice questions for CBSE Exams as per the latest pattern
and marking scheme issued by CBSE for the academic session 2019-20.

Mechanical Properties of Solids |
Mechanical Properties of Fluids

Time Allowed : 3 hours
Maximum Marks : 70

o GENERAL INSTRUCTIONS %
(i) All questions are compulsory.
(ii) Section A: Q. no. 1te 20 are very shert answer-objective questions and carry 1 mark each.
(iii) Section B: Q. ne. 21 te 27 are short answer questions and carry 2 marks each.
(iv) Section C: Q. no. 28 to 34 are long answer-I questions and carry 3 marks each.
(v) Section D : Q. no. 35 te 37 are leng answer-1II questiens and carry 5 marks each.
(vi) There is no overall choice in the question paper. However, internal choices are given in the sections.
(vii) Use log tables if necessary, use of calculaters is net allewed.
g [
SECTION-A The elastic energy stored per unit volume in a
1. A solid sphere falls with a terminal velocity v in air. stretched wire is
,
If it is allowed to fall in vacuum, (a) 1 stress (b) 1 (stress)”
(a) terminal velocity of sphere = v 2 X h i
(b) terminal velocity of sphere < v ] (stress)? 1 8fieds
(c) terminal velocity of sphere > v (c) 2 y2 (d) 5 y2
(d) sphere never attains terminal velocity. . .
_ . m Three vessels A, B and C of different shapes contain
2. To what height should a cylindrical vessel be filled h heigh h . the fi
with a homogeneous liquid to make the force with water upto the same neight as shown in the figure.
, L , P,, P, and P - be the pressures exerted by the water
which the liquid apply pressure on the sides of the ?thB bott ¢ foh . vl
vessel equal to the force exerted by the liquid on the ?fh R e S s
bottom of the vessel? =
(a) Equalto the radius (b) Less than radius
(c) More thanradius  (d) Four times of radius
3. The temperature of a wire is doubled. The Young’s

D

modulus of elasticity will
(a) also doubled

(c) remains same

(b) become four times
(d) decreases.
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(a) Py >Pg> P
(c) P.>Py>P,

(b) Py> P> P,
(d) PA=PB=PC




10.

11.

An ideal fluid flows through a pipe of circular
cross-section made of two sections with diameters
2.5 cm and 3.75 cm. The ratio of the velocities in
the two pipes is

(a)9:4 (b) 3:2

(C)\/'?::\/?j (d) \/2-\[2:

For a constant hydraulic stress on an object, the
fractional change in the object’s volume (AV/V)
and its bulk modulus (B) are related as

@) & oB b) =
Yoy Vv B

AV AV 1
(c) 5 (d) v R

A wire of length L and radius r is clamped at one
end. On stretching the other end of the wire with a
force F, the increase in its length is /. If another wire
of same material but of length 2L and radius 2r is
stretched with a force 2F, the increase in its length

will be
(a) /4 (b) /2 (c) I (d) 21

When a body falls in air, the resistance of air
depends on a greater extent on the shape of the
body. Three different shapes are given

i) Ry R,
w w w
1. Disc 2. Ball 3. Cigar shaped

Identify the combination of air resistances,
which truly represents the physical situation (The
cross-sectional areas are the same).

(a) 1<2<3 (b) 2<3<1
(c) 3«2« (d}B ¢ 1. &2
Which of the following graphs represents
stress-strain variation for elastomers?
Stress Stress
A
Str;n Str'a;n
Stress Stress
A A
(c) / (d) /\/
- L
Strain Strain

Why does a wire get heated when itisbentback and
forth?

12.

13.

14.

15.

16.

17.

18.

19.

20.

Amorphous solids are not true solids. Why and
what are they called then?

Why do spring balances show wrong readings after
they have been used for a long time?

A soft plastic bag weighs the same when empty as
when filled with air at atmospheric pressure. Why?

Why it is dangerous to stand near the edge of the
plattorm when a fast train is crossing it?

Why is it difficult to stop bleeding from a cut in
human body at high altitudes ¢

Two identical springs of copper and steel are equally
stretched. On which one, more work will have to be
done?

Why does velocity increase when water flowing in a
broad pipe enters a narrow pipe?

Arrange the value of bulk modulus of elasticity
of solids, liquids and gases according to their
magnitude. Give reason.

A small spherical ball of density p is gently released
in a liquid of density o(p > ©). Find the initial
acceleration of the ball.

21.

22.

23.

24.

25.

Which one of them is more elastic - rubber or steel?
Explain.

Find the velocity of efflux of water from an orifice
near the bottom of a tank in which pressure is
500 g f cm™“ above atmosphere.

A cable is replaced by another of the same length
and material but of twice the diameter. (a) How
does this affect its elongation under a given load?
(b) Find the maximum load it can now support
without exceeding the elastic limit.

OR
The breaking force for a wire is F. What will be the
breaking force for (a) two parallel wires of the same
size (b) a single wire of double the thickness ¢

A large open tank has two holes in the wall. One
is a square hole of side L at a depth y from the top
and the other is a circular hole of radius R at a
depth 4y from the top. When the tank is completely
filled with water, the quantities of water flowing out
per second from both holes are the same. Then,
what is the value of R?

Two soap bubbles of different diameters are in
contact with a certain portion common to both the
bubbles. What will be the shape of the common

D
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26.

27.

boundary as seen from inside the smaller bubble?
Support your answer with a neat diagram. Give
reason for your answer.

OR
A frame made of metallic wire enclosing a surface
area A is covered with a soap film. If the area of the
frame of metallic wire is reduced by 50%. What will
be the change in the surface energy of the soap film?

Two wires P and Q of same

diameter are loaded as shown in p

the figure. The length of wire P mkg

is L m and its Young's modulus is

Y N m™%, while length of wire Q -

is twice that of Pand its material ‘ 2mkg

has Young’s modulus half that
of P. Compute the ratio of their
elongation.

The density of a metal at normal pressure is p. Its
density when it is subjected to an excess pressure P
is @’. If B is the bulk modulus of the metal, then find
the ratio p’/p.

28.

29.

30.

30

A wire of length ! and radius r has a weight W and
the Young’s modulus of elasticity Y. It is suspended
vertically from a fixed point. Calculate the increase
in length of wire produced due to its own weight.

Two wires of same length and material but of
different radii are suspended from a rigid support.
Both carry the same load. Will the stress, strain and
extension in them be same or different?
OR

A bar of cross-section A is subjected to equal and
opposite tensile forces at its ends. Consider a plane
section of the bar whose normal makes an angle 6
with the axis of the bar.
(a) What is the tensile stress on this plane?
(b) What is the shearing stress on this plane?
(c) For what value of O is the tensile stress

maximum?

e

]

A piece of ice with a stone in it floats on water taken
in a beaker. When the ice melts completely, the level
of water in beaker will increase, decrease or remain
unchanged. Explain.
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31.

32.

33.

34.

Water at a pressure of 4 x 10* N m™* flows at a
speed of 2 m s™! through a horizontal pipe of cross-

sectional area 0.02 m”. The cross-sectional area
is reduced to 0.01 m”. What is the pressure in the
smaller cross-section of the pipe?

A big size balloon of mass M is held stationary in
air with the help of a small block of mass M/2 tied
to it by a light string such that both float in mid air.
Describe the motion of the balloon and the block
when the string is cut. Support your answer with
calculations.

OR
During blood transfusion, the needle is inserted in
a vein where the gauge pressure is 2000 Pa. At what
height must the blood container be placed so that

blood may just enter the vein? The density of blood
= 1.06 x 10> kgm™>.

Stress-strain curve for A

two wires of material A

and B are as shown in ¢ omea e

tigure.

(a) Which material is >
Strain

more ductile?
(b) Which material has greater value of Young’s
modulus?
(c) Which of the two is a stronger material?
(d) Which material is more brittle?

Define terminal velocity. Derive an expression for
it.

35.

36.

37.

State and prove Bernoulli’s theorem.

OR
What is a tube of flow? Obtain a relation between
the area of cross-section and the velocity of liquid
at any point in a tube of flow. What conclusion do
you draw from it?

State Stoke’s law for viscous drag experienced by

the spherical body falling through a viscous liquid.

Why does a spherical body achieve terminal speed?

On what factors does the terminal speed depends.
OR

Define surface tension and surface energy. Obtain a

relation between them.

(@) Describe elastic hysteresis. Mention its two
applications.
(b) What is elastic after-effect?




OR

A wire of cross-sectional area A is stretched
horizontally between two clamps located at a
distance 2/ metres from each other. A weight W kg
is suspended from the midpoint of the wire. If the
vertical distance through which the mid-point of
the wire moves down be x </, then find (i) the strain
produced in the wire, (ii) the stress on the wire.
(iii) If Y is the Young’s modulus of wire, then find
the value of x.

1. (d) 2. (a) 3. (d) 4. (b) 5. (d)
6. (a) 7. (b) 8. (¢) 9. (¢) 10.(¢c)

11. When a wire is bent back and forth, its def ormations
are beyond the elastic limit. The work done against
interatomic forces is no longer stored totally in the
form of potential energy. The crystalline structure of
the wire gets affected and work done is converted into
heat energy.

12. Like liquids, amorphous solids have disordered
arrangement of atoms or molecules. The molecules
of liquid are free to move but the molecules of an
amorphous solids are almost fixed at their positions i.e.,
amorphous solids are rigid due to their high viscosity.
That is why, we can say amorphous solids are super-
cooled liquids of high viscosity.

13. When spring balances have been used for a long
time, they develop elastic fatigue in them. The springs
of such balances will take more time to recover their
original configurations. Thus, the readings shown by
such balances will be wrong.

14. The weight of air displaced by the bag is same as the
weight of air inside it. The increase in weight due to the
filled air gets cancelled by the upthrust of air. So weight
remains same when air is filled in the bag.

15. When a fast train crosses the platform, the air
dragged along with the train also moves with a high
velocity. In accordance with Bernoulli's equation, the
pressure in the region of high velocity decreases. If a
person stands near the edge of the platform he may be
pushed towards the train due to high pressure outside.

16. The atmospheric pressure is low at high altitudes.
Due to greater pressure difterence in blood pressure and
the atmospheric pressure at high altitude, it is dithcult
to stop bleeding from a cut in the body.

17. Since Y, =200 x 10’ Nm™
and Y, =110x10°Nm™.

cepper

Young’s modulus of steel is more than that of copper.
- F = YA Al/l; F < Y for the given value of Al
Aandl

Therefore to stretch them equally more force will be
required on the steel spring than that on copper spring.

Hence work done, W = 1 F Al

2
or We F (‘. Alis constant)
Thus more work will have to be done on stee] wire than
on copper wire.

18. When water enters into a narrow pipe, the area
of cross-section (A) decreases and consequently
velocity (v) increases as Av = constant.

19. Under constant stress, magnitude of bulk modulus

of elasticity of material is inversely proportional to
volumetric strain.

1

AV IV

Since, gases has higher compressibility than liquid and
solids have the least, therefore B.>B,>B .

20. Let the liquid has viscosity 1

Fup =0Vyg

W=pVg

F =6nyrv

Initially when the ball is released (1} = 0) L_
F =W- Fup

B e

up net

net
ma =mg— F, where m=pV W
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21. Consider two rods of steel and rubber, each having
length /and area of cross-section A. If they are subjected
to the same deforming force F, then the extension
Al, produced in the steel rod will be less than the
extension Al in the rubber rod, i.e., Al < Al. Now

Y zﬁ—l- and Y, :EL
A Al A Al

Y,_a,

v, 4,

As Als < Alr, SoY > ¥

i.e, Young’s modulus for steel is greater than that of
rubber. Hence steel is more elastic than rubber.
22. Pressure at orifice,

P =500 gf cm™
500 -2
= ——X%9 8x(100) Nm “=500x%x98 Nm
1000
Let h be the depth of orifice below the surface.
As,P=hpg
500
‘ hzﬁz 03 i =5m
Pg 10" x9.8
The velocity of etflux,

v=2gh =v2x9.8%5=9.893 m s
23. (a) Young’s modulus,

Mgl Mgl 4Mgl
Y == — =
nr’ Al (D )2 D% Al
T Al
2
where D is the diameter of the wire.
a1 =M (i)
DY
From (i), Al < —-
D

Clearly, if the diameter is doubled, the elongation will
become one-fourth.

nD’ALY :
1 i.e, Mgeoc D

Clearly, if the diameter is doubled, the wire can support
4 times the original load.

(b) Also load, Mg =

OR
(a) When two wires of same size are suspended in
paralle], a force F equal to the breaking force will act
on each wire if a breaking force of 2F is applied on the
paralle]l combination.

2
(b) F= YAI&I _ Y.?t*.l" Al i

Thus for a single wire of double the thickness, the
breaking force will be 4F.

32

F < 1*
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24. Equating the rate of tlow, v|A, = v,A,
But v, =\/2gy,Al =L2,v2 =J2g X4y, A, =nR*

@xﬁ = J:ngzly X TR

(using Torricelli’s law)

or I?=2%R? or R=L

V2

25. When seen from inside the smaller bubble, the
shape of the common boundary will appear concave, as
shown in figure.

(0=

Reasons: (i) For a curved liquid film, the pressure is
greater on its concave side.

(i1) Pressure inside the smaller bubble is more than that
inside the larger bubble, because P o< 1/r.

OR
Surface energy = surface tension x surface area,
E=Sx2A ("." Soap film has two surfaces)
100 2
-. E':$xz(§J:SA
2
Percentage decrease in surface energy
E- E 2SA - SA
= X 100% = X 100%
E 25A
= % X 100% = 50%
2. Al =18 L
A Y
AL o2M8 2L _8mgl Alp 3
R A YR A YT Al, 8
PV
27. Bulk modulus, B= or dV=—;
ulk modulus Vv B
When pressure is increased, the volume will decrease.
Therefore, P= dp'= LB
SRS ET Yy MEE Ty _av T v-(pviB)
, M P
or p = —
V(1-P/B) (1—P/B)
or P - 1 =(1- P/B)”" =(1+£)
p (1-P/B) B




28. Since the tension is non-uniform along the wire,
we have variable stress in wire. Let us consider a small
element of length dx at a distance x from bottom end P

as shown figure.
The tension in the element of the wire

_mg Y
— Tx 2
4
If dl is increase in length of the element, 3
then longitudinal strain = ﬂ; plL1V
dx
Normal stress = - x 1
mre
_mgx dx or gl & Zbc
Inr® d Yrrel
Total change in length of wire is
! 2
Al:'[mgx czix _ mg2 ><l _ mgl2
Ynr“l  Yrrel 2 2Ymr

¢
29. Letr, and ry be the radii of the two wires.

LB

(stress), 17
1) St =—= =
(i) Stress r

. For same load F,

nr? (stress), rf
Al F E
(ii) Strain, = =
[ AY mrY

For the two wires F and Y are same, so BT
(strain), f

A= Y
(iii) Extension, &L= T 3y
. (Al), rzz
For the two wires, F, [ and Y are same, so =

Hence stress, strain and extension are all different for
the two wires.

OR
(a) The resolved part of F along the normal is the
tensile force on this plane and the resolved part parallel
to the plane is the shearing force on the plane.

F Fcos® F
Tensile stress = S S cos’ O
Area AsecH

[".© Area of plane section = A sec 8]
(b) Shearing stress

Force Fsin® F H .
- == =—sinOcosB = —sin2®.
Area AsecH 2A

(c) Tensile stress will be maximum when cos’® is
maximum, i.e,cos8 =1 or ©6=0°

30. Let m, M be the mass of stone and ice piece
respectively. As ice piece with stone of mass (m + M)
floats in water, so mass of water displaced is (m + M).
If p,, is the density of water, then volume of water

displaced is
V= M+m (l)
P

When the ice melts completely, there will be extra
water of mass M and volume M/p_ in the beaker. Now
the stone will sink and will displace water equal to its
volume (= m/p ), where p_ is the density of stone. Thus
the total volume of extra water obtained by melting of
ice and displaced by sinking stone is

, M m "
. e (1)
Pw Ps
1 1 m m

Asp,>p,  so Cam=iand. — %
pS puf ps p‘w

From (i) and (ii) we note that ;
V' < V. It means the level of water in the beaker will
come down.
31. Here, P, =4 x 10* Nm™,
v, =2m s, a, =0.02 m?®
a,=0.01 mz;Pzz?
As, a,v| = a,v,
avy _ 0.02 x2 g o
a, 0.0l

SO) V2 —

1 1
Now, P+ >pv{ =P, +=pv3

1 -, 1 5 1 5
P, =P +—pyv: ——pvs =P ——p(vy —v
) = b zpl zpz 1 20 5—V)

P, =4x10* —%><103[42 ~2?]

—4x10*-06x10*=3.4%x10*Pa

32. The situation is as shown in the figure.
For the balloon to be held
stationary in air, the forces
acting on it should be balanced.
Upthrust = Weight of balloon
+ Tension in the string
U=Mg+T .. (1)
For the small block of mass M/2 M
floating stationary in air, Mg §

M o
Ji = i ...(ll)
5 g

AT

M 3
From (i) and (ii) we get, U = Mg + 7g = ; Mg
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When the string is cut, T = 0. The small block will
begin to fall freely. The balloon will rise up with an
acceleration a such that

U-Mg=Ma or %Mg—Mg=Ma
g

or g=+%, inthe upward direction.

OR
Let h be the height of container at which its blood exerts
pressure equal to gauge pressure in vein. Then
hpg =P,

P 2000
or h=-%£ =

Pg  1.06x10°x9.8

The blood will just enter the vein if the blood container
is kept at height slightly greater than 0.1925 m
i.e.,at (0.2 m.

=0.1925 m

33. (a) Wire of material A with larger plastic region is
more ductile.
Stress

(b) Youngs modulus is

Y, >Y;
(c) For a given strain, larger stress required for A than
that for B.

A is stronger than B.
(d) Material with smaller plastic region is more brittle,
therefore B is more brittle than A.
34. Terminal velocity : It is the maximum constant
velocity acquired by the drop while falling through a

viscous medium.

Strain

Expression for terminal velocity : Consider a spherical
body of radius r falling through a viscous liquid of
density 6 and coefficient of viscosity M. Let p be the
density of the body.

As the body falls, the various forces acting on the body
are as shown in figure. These are

(i) Weight of the body acting U F
vertically downwards. 4
W =mg = 131 7cr3pg
(ii) Upward thrust equal to the ) l"'
weight of the liquid displaced.
U= - nr’ Oy Y

3 W

(iii) Force of viscosity F acting in the upward direction.
According to Stokes’ law, F = 6mnrv

Clearly, the force of viscosity increases as the velocity
of the body increases. A stage is reached, when the
weight of the body becomes just equal to the sum of the

34
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upthrust and the viscous force. Then the body begins to
fall with a constant maximum velocity, called terminal
velocity.

When the body attains terminal velocity v, U+ F= W

4_ 3 4 3
gnr 0g+67mrv=§m' )4

) -
or 6 =2nr’(p-c)g or v={ (p-o)g

2 n
Thus, the value of terminal velocity v depends upon r,
P, G and M.

35. Refer to answer 59 page no. 284 (CBSE Cham pion
Class 11).

OR
Refer to answer 34 page no. 288 (CBSE Champion
Class 11).

36. Refer to answer 85 page no. 286 (CBSE Cham pion
Class 11).

OR
Refer to answer 145 page no. 292 (CBSE Champion
Class 11).

37. Refer to answer 27 page no. 253 (CBSE Cham pion
Class 11).

OR
Refer to answer 182 page no. 263 (CBSE Champion
Class 11).
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Laws of Motion | Work, Energy and Power

Total Marks : 120 Time Taken : 60 Min.

(a) The magnitude of the frictional force is 5 N.
(b) The magnitude of the frictional force is 7.2 N.
(c) The normal force is 5 N.

(d) The book will start moving and will accelerate.

NEET / AlIMS

Only One Option Correct Type

1. A particle of mass m is tied to a light string of
length / and rotated along a vertical circular path.
What should be the minimum speed at the highest 5. A body of mass 6 kg is hanging

point of its path so that the string does not become from another of mass 10 kg as &
slack at any position? shown in figure. This combination is 10kg
@) \/Z—gl (b) \/Q (O zero  (d) m being pu.lled up by amgtrmg w1th'an T,
| | acceleration of 2 m s “. The tension 6 kg
23 A mE}ssless spring balance is attached to 2 kg trolley T, is(g= 10 m s9) |
and is used to pu%l the tr'olley along a f].at smooth (a) 240 N (b) 150 N
surface as shown in the figure. The reading on the (c) 220 N (d) 192 N

spring balance remains at 10 kg during the motion.

The acceleration of the trolley is (Use g:9.8ms'2) 6. A particle of mass m is moving in a circular
path of constant radius r such that its centripetal

acceleration a_ is varying with time as q, = kKre,
where k is a constant. The power delivered to the

particle by the forces acting on it is

(a) 49 ms™* (b) 9.8 ms™ (@) 2mmki (b) mk*r¥
(c) 49m s (d) 98 ms™?
1
3. Inasimple pendulum, the breaking strength of the (c) X mk*rie (d) 0

-

string is double the weight of the bob. The bob is

released from rest when the string is horizontal. 7. A particle is moved from

(0, ®) to (a, a) under a force

The string breaks when it makes an angle 0 with o A
the vertical. Then, F=(3i+4 j) from two paths.
(a) B =cos™(1/3) (b) 6 =60° Path 1 is OP and path 2 is
(c) 8 =cos™(2/3) (d) 6=75° OQ@P. Let W, and W, be the
4. A horizontal force of 12 N pushes a 0.5 kg book work done by this force in
against a vertical wall. The book is initially at these two paths. Then,
rest. If the coefficients of friction are @, = 0.6 and (a) W, =W, (b) W, =2W,
1, = 0.8, which of the following statements is true? (c) Wy,=2W, (d) W,=4W,
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10.

11.

12.

36

A rope of length ! and mass m is
connected to a chain of length / and ]
mass 2 m, and hung vertically as
shown in figure. What is the change ¥
in gravitational potential energy if
the system is inverted and hung from
same point? £

(a) mgl (b) 1.5mgl (c) 0.5mgl (d) 2 mgl

2m |

In a ballistics demonstration a police officer fires a
bullet of mass 50.0 g with speed 200 m s™* on soft
plywood of thickness 2.00 cm. The bullet emerges
with only 10% of its initial kinetic energy. What is
the emergent speed of the bullet?

(a) 2V10 ms™ (b) 20710 ms™
(c) 10v2 ms™! (d) 10720 m s~!

A large force is acting on a body for a short time.
The impulse imparted is equal to the change in

(a) acceleration (b) momentum

(c) energy (d) velocity.

A 1 kg block situated
on a rough incline is
connected to a spring
of negligible mass
having spring constant
100 N m™ as shown in the figure. The block is
released from rest with the spring in the unstretched
position. The block moves 10 cm down the incline
before coming to rest. The coefficient of friction
between the block and the incline is

(Take ¢ = 10 m s™* and assume that the pulley is

frictionless)
(a) 0.2 (b) 0.3 (c) 0.5 (d) 0.6

Two inclined frictionless tracks, one gradual and
the other steep meet at A from where two stones
are allowed to slide down from rest, one on each
track as shown in figure.

Which of the following statement is correct?

(a) Both the stones reach the bottom at the same
time but not with the same speed.

(b) Both the stones reach the bottom with the same
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speed and stone I reaches the bottom earlier
than stone II.

(c) Both the stones reach the bottom with the same
speed and stone II reaches the bottom earlier
than stone L.

(d) Both the stones reach the bottom at different
times and with difterent speeds.

Assertion and Reason Type

Directions : In the following questions, a statement of assertion
Is followed by a statement of reason. Mark the correct choice as:

(@)
(b)

()
(d)

13.

14.

15.

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

Assertion : Pseudo force is an imaginary force
which is recognised only by a non-inertial observer
to explain the physical situation according to
Newton's laws.

Reason : Pseudo force has no physical origin, i.e.,
it is not caused by one of the basic interactions in
nature. Itdoes notexist in the action-reaction pair.

Assertion : A quick collision between two bodies
is more violent than a slow collision, even when
the initial and the final velocities are identical.
Reason : The rate of change of momentum
determines the force is greater in a quick collision
between two bodies.

Assertion : All central forces which follow the
inverse square law are conservative forces.

Reason : Work done by the force or against the
force does not depend on path, then force is called
conservative force.

JEE MAIN / ADVANCED

16.

Only One Option Correct Type

A plank with abox on it

at one end is gradually

raised about the other -
end. As the angle of mg
inclination with the 0

horizontal reaches 30°,

the box starts to slip and slides 4.0 m down the
plank in 4.0 s. The coefficients of static and kinetic
friction between the box and the plank will be,
respectively (Take g = 10 m s™%)

(a) 0.5and 0.6 (b) 0.4and 0.3

(c) 0.6 and 0.6 (d) 0.6 and 0.5




17. A point particle of p

18.

19.

20.

mass m, moves along ‘
the uniformly rough , _,"
track PQR as shown :
in the figure. The . 30° g
coefficient of friction Horizontal —» Q
surface

between the particle

and the rough track is (. The particle is released,
from rest, from the point P and it comes to rest
at a point R. The energies, lost by the ball, over
the parts, PQ and QR, of the track, are equal to
each other, and no energy is lost when particle
changes direction from PQ to QR. The values of
the coefficient of friction @ and the distance x

(= QR) are, respectively close to
(a) 0.2 and 6.5 m (b) 0.2 and 3.5 m
(c) 0.29 and 3.5 m (d) 0.29 and 6.5 m

A railway track is banked for a speed v, by making
the height of the outer rail /1 higher than that of the
inner rail. The distance between the rails is d. The
radius of curvature of the track is . Then,

hov? 2
(@) ==— (b) tan [Sin_1 ﬁ] =L
d rg dj 1o
2 2
(c) tan”! (EJ PUSE T N
d) rg r dg

A stiff spring has a force law given by F = -kx’.
The work required to stretch the spring from the
relaxed state x = 0 to the stretched length x = [ is
W,. In terms of Wy, how much work is required to
extend the spring from the stretched length / to the
length 2/7
(a) W,

(c) 10 W,

(b) 4 W,
(d) 15 W,

More than One Options Correct Type

A force F (larger than the limiting friction force)

is applied to the left of an object moving to the

right on a rough horizontal surface. Then,

(a) initially the object would slow down

(b) for some time F and friction force will act in
the same direction and for remaining time they
act in opposite directions

(c) the object comesto rest fora moment and after
that its motion is accelerating in the direction

of F
(d) the object slows down and finally comes to rest.

21.

22.

23.

A point mass of 1 kg collides elastically with a
stationary point mass of 5 kg. After their collision,
the 1 kg mass reverses its direction and moves

with a speed of 2 m s™". Which of the following
statement(s) is (are) correct for the system of these
two masses?

(a) Total momentum of the system is 3 kg m s
(b) Momentum of 5 kg mass after collision is

4 kgm s,

(c) Kinetic energy of the centre of mass is 0.75 J.
(d) Total kinetic energy of the system is 4 J.

A long block A is at rest B
B, whose mass is half of
The coefficient of friction between the blocks is L.

on a smooth horizontal
surface. A small block 2 ‘
A, is placed on A at one 77

end and projected along A with some velocity u.
Then,

(a) the blocks will reach a final cominon velocity /3
(b) the work done against friction is two-third of

the initial kinetic energy of B
(c) beforethe blocks reach a common velocity, the

2
acceleration of A relative to B is gug

(d) before the blocks reach a common velocity the

3
acceleration of A relative to B is ; L.

A stone of weight W is thrown vertically upward
into the air with an initial speed v,. Suppose that
the air drag force f dissipates an amount fy of
mechanical energy as the stone travels a distance y.

Then,

(a) the maximum height reached by the stone is

2
Yo

2g(1+ f /W)

(b) the maximum height reached by stone is

V2
0

2g(4+ f1 W)
(c) the speed of the stone upon impact with the

w— f 1/2
W+fJ

ground is Vo[

(d) the speed of the stone upon impact with the

W+f JI/Z

ound is
ground i VO(W—]’
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24.

25.

26.

Two balls, having linear momenta P = p/l: and

p, = — pi, undergo a collision in free space. There
is no external force acting on the balls. Let p; and

p, be their final momenta. The following options
are not allowed for any non-zero value of p, a, a,,
by» by, ¢; and c,.
(a) p1= “1%_* b 3’+ ek (b) pl=¢ ’;A
Py =ayitbyj py =6k
() Pi=ayitbj+tek (&) pl=ait+b,]
Py=ayitbyj—ck  ph=ayi+h,
The two blocks A and B of

. . $
equal mass are initially in .
contact when released from
rest on the inclined plane. The o

coefficients of friction between

the inclined plane and A and B are , and p,

respectively. Then,

(a) if py; > W, the blocks will always remain in
contact

(b) if 1y < U,, the blocks will slide down with
different accelerations

(c) if p; > U,, the blocks will have a common

acceleration l(;11 + 1 2) gsinf

2
(d) if y; < u,, the blocks will have a common
acceleration Mty g sin 0.
SR 5)

Numerical Value Type

Figure shows that two
blocks in contact are
sliding down an inclined
surface of inclination
0 = 30°. The friction
coefficient between the block of mass m = 2 kg
and the incline is |4; = 0.20 and that between the
block of mass M = 4 kg and the incline is ut, = 0.30,

rrrrr

27,

28.

Find the acceleration (in m s°) of 2 kg block.
(Take g= 10 m s~%)

The potential energy function for the forcebetween
two atoms in a diatomic molecule is approximately

where a and b are

given by U(x)= B
x? x

constants and x is the distance between the atoms.

If the dissociation energy of the molecule is
bZ

= — then find the
pa

U

X = o) equih'brium]

value of p.

A mass of 1 kg is suspended by means of a thread.
The system is (i) lifted up with an acceleration
of 49 m s~? (i1) lowered with an acceleration of
4.9 m s~ The ratio of tension in the first and
second case is x : 1. Find x.

Comprehension Type

The spring shown in figure is unstretched when a man
starts pulling the block. The mass of the block is M. If
the man stretch by a constant force F and releases.

29.

30.

k

T

—»F

The amplitude and time period of the motion of
the block is

= {M F ,M

° i —, 2=

(a) k,27t ” (b) 2k 2k

2F ,M
, 20T

k 4k

The energy stored in spring when the block passes
through the equilibrium position is

(c)

(d) none of these

F? F2 F2
. (c) I (d)

QF?

@

(b)
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An object O is in a glass medium. The refraction
take place at the concave boundary between glass
and air. The object distance is greater than 5/2 R
(R is radius of curvature) for image to be real. Find
the refractive index of the glass.

(a) 3/2 (b) 1.75  (c) 5/3 (d) 2.0

Radiation from the Sun reaches Earth at the rate
of 1350 ] s~ m™% The magnitudes of electric and
magnetic field are

(a) 1.01 x10°Vm,3.37x10°T

(b) 3.37x10°Vm™, 1.0l x10°°T

(c) 1.01x10°Vm,337x10°T

(d) 3.37x10°Vm 1}, 1.01 x107° T

The first member of the Paschen series in hydrogen
spectrum is of wavelength 18800 A. The shortest
wavelength of Paschen series is

(a) 1215 A (b) 6560 A (c) 8182 A (d) 12850 A

A small electric dipole is placed at origin with its
dipole moment directed along positive X-axis. The

direction of electric field at point (2,242,0) is
(a) along negative Z-axis
(b) along Z-axis

(c) along negative Y-axis
(d) along positive Y-axis.

In a double slit arrangement, fringes are produced
using light of wavelength 4800 A. One slit is covered
by a thin plate of glass of refractive index 1.4 and
the other with another glass plate of same thickness
but of refractive index 1.7. By doing so, the central
bright fringe shifts to original fifth bright fringe
from the centre. Thickness of glass plate is

(@) 8um (b) 6um (c) 4um (d) 10 pum

Calculate the steady state ’ 0
current in the 2 € resistor 4 [V 5
shown in the given figure. 3Q

The internal resistance of 0.2 uE A

the battery is negligible — —AMAA———
and the capacitance of the

C - - 6V 28Q
apacitor is 0.2 k. e e AAAA,

(@) 09A (b) 25A (c) 20A (d) 3A

A current of 2 A flows in
the system of conductors
as shown in figure. The
potential diff erence

V, - V will be
(@) -2V (b) =067V (c) +6V (d) +67V
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10.

11.

12

13.

40

Two straight parallel conductors are at a distance
of 50 cm perpendicular to the plane of paper.
They carry current of 20 A and 30 A respectively
in opposite directions. A point P is separated from
first conductor by a distance of 40 cm and from the
second conductor by 30 cm. The magnetic field
induction at point P is

(a) 2x10°T
(¢) 3% 10°'T

(b) J5x10° T
(d) V8x10~° T

The half-life of a sample of a radioactive substance

is 1 hour. If 8 x 10! atoms are present at ¢ = 0,
then the number of atoms decayed in the duration
t =2 hour to t =4 hour will be

(a) 2 x10% (b) 1.5 x 10%°

(c) zero (d) infinity

An electron is fired directly towards the centre of
a large metal plate that has excess negative charge
with surface charge density 2.0 x 10°° C m™°. If the
initial kinetic energy of electron is 100 eV, and if
it is to stop due to repulsion just as it reaches the
plate, how far from the plate must it be fired?

(a) 2.5x10°m (b) 3x 10’ m

(c) 1.7x107° m (d) 4.43 x 107* m

Over a solenoid of 50 cm length and 2 cm radius
and having 500 turns, is wound another wire of
50 turns, coaxially. Calculate the induced emf in
the second coil when the current in the primary
changes from0to 5A in0.02 s.

(a) 19.72 mV (b) 9.7mV

(c) 190 mV (d) 1.10mV

Alternating emf, € = 220 sinl00n¢ is applied
to a circuit containing an inductance of 1/t H
What will will be the reading of an ac ammeter if
connected in the circuit?

(@) 325A (b) 275A (c) 1.56 A

(d) 0.75 A

In the circuit shown
in figure, when the
input voltage of the
base resistance is
10 V, Vg is zero
and also
zero. Then current
amplification factor

of transistor is
(a) 103 (b) 83

VCE 1S

(c) 133 (d) 93
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14. Four cells of identical emf E and internal resistance

15.

r are connected in series to a variable resistor.
The given graph
shows the variation
of terminal voltage of
the combination with
current. The emf of
each cell used is

(a) 1.4V (b) 5.6V
(c) 2V (d) 1V

The resultant force on the A

current loop PQRS due to s T
a long current carrying 20a4d 4 ¥ 15 cm
conductor will be ol 298 R‘L
(a) 1.8 x10™*N >
(b) 5x 107N 5

(c) 107N

(d) 3.6 x107*N

V(volt)

0 05 1 15 2
—» }(amp)

(C): &_“1: “2_“1

vV U R
g _I=yw 1 o i |
v (—u) (—R) Vo u R
'
For vtobe positive =l BN il
S S|
R u(yy - 1) (hy —1)
5

Comparing with given value, u> ER

5 5
(n, -1 2 3

(¢) : Average power transferred per unit area
= magnitude of poynting vector

S ErmsBrms “.(i)
“o
E By E 1
_ Emax _ Fo B = —,——O-—Celndc:
s/_ ~/— WoE,
28 2 %1350
J vE; (using (i))
8.85 ><10 SE3X 10
="\ 01 x10°Vm
E : -
andB.:—O:IOIXIS =337x10°° T
C 3x10
(¢) : For Paschen series
1
\7=l= 1— -n=4,5,6.....
A 32 p




For first member of Paschen series, n = 4
1 1 1 1 7R
=R — = ——=—
3¢ 4% A 144
144 144
7A;  7x18800x1071°

For shortest wavelength, n = oo

1 1 1 R
= _ s
50 A [32 ooz:l 9

:>}\,=9— 7

R 1.1x107
(d): Let P(2,2~/7j,0) be
the given point. As is
clear from given figure,
x=2,y=2v2,2=0

A
— R= —1.1x107

=8.182%x 107 m=8182 A

}'—2‘/5—\[2_

tanf===——=
X

1 1
tan0 \E

Let the electric field E due to the dipole be at an

cotO =

angle ¢ with OP.
Astan( = ltan() = 1\52 — = cot0
2 2 J2
¢=90°-6

It shows that, E is along positive Y-axis.

(a) : Shift in fringe width is given by,

Ax = E(u— 1t J P
A S
Shift due to one plate f |
B B A | o i
Ax| = X(“‘ — 1)t ¢

Screen

S,
Shift due to another ‘l

plate, Ax, = %(uz — 1)t
Net shift, Ax = Ax, - Ax; = %(Hz — )t al if}

Also it is given that Ax =58 ...(i1)

Using eqns. (i) and (ii), 50 = %(U-z — 1y )f
5h 5%4800x107"°

(W, =) (1.7-1.4)

=8x10°m =28 um

(a) : Equivalent resistance of 2 € and 3 Q in parallel

3
il ba R =222 8100
P 243 5

= t=

Since capacitor provides infinite resistance to direct
current, hence no current flows in the capacitor
arm. Therefore, total resistance of current carrying
arms,R=12+28=4Q

6
Hence current from battery willbe, I= =15 A

4
Potential difference across A and B=1 Rp

=15%x12=18V
Current through 2 Q resistor

_ potential difference 1.8

: =09 A
resistance 2

(b): Equivalent resistance between Q and S,
5x10 _ 10

5410 3
Potential difference across Q and S,
2x10 20

3 3
20/3 4
Current through arm QPS, I, = ——=— A

5 3
Potential difference across Q and P,

4 8

377 3
20/3 2
== A

Current through arm QRS, I, = TR

Potential difference across Q and R,

2
Vo=Vy=3x3=2V

Vp-Va=(Veg—Vp) - (Vg- Vp)
8 =2

=)—==—=—067V
303

(b): From figure, AL
we have AB =50 cm,
AP =40 cm and
PB =30 cm.
AB*=(APY +(PBY B}
= 507 =402 + 302 d
Thus, ZAPB = 90°. S
Magnetic field induction at P due to downward
current I, through conductor A is
=u._0£=10_7 ><2><20
4m r 0.40
Magnetic field induction at P due to upward current
1, through conductor B is
B, =020 107 230 ) 105 T along PA
an r, 0.30
Net magnetic field induction at Pis

B=JBf‘+822 =102 +(2x107%)2 =5x107° T

R =

40 cm

B, =107 T along PB
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l' ﬂTl/Z

Number of atoms at £ =2 hr,

1 2/1
Ny :8><101°(5) =2x10"°
Number of atoms at ¢ = 4 hr,

1 4/1 I
N2=8><1010(—) = - x10%0
2 2

Number of atoms decayed in given duration

1
:(2—5)x101°:1.5x10‘°

10. (d):Here,6=-2.0%x10°Cm™ Metal Plate
Initial K.E = K, = 100 eV ;
i -19 s
e l'i;( ) Electron
=1.6x107""] Ky
Let the electron be fired from a distance s from the
plate, as shown in the given figure.
From work energy theorem, work done
=F X s =loss in K.E
(—eE) s =K, (1)
Now, electric field due to the plate (having some
thickness), E = ©/g,
e
gKy  8.85x107 A x1.6x107
~1.6x107°(-2x107°)

=443 x 10 m.

11. (a):Here N; =500,N,=50,r=2cm =0.02m
[=50cm=0.50m, =41 x 107" Tm A
The mutual inductance of the two coils is

WoN NA NN,

I z
_4mx 1077 x 500 x 50 X 7t X (0.02)”
- 0.5
=78.87 x 10° H = 78.87 uH.
The emf induced in the second coil is

dal <« (5-0

£=—-M-—=-78.87x10 6.( )
dt 0.02

=-19.72 %10V =-19.72mV

The negative sign indicates a back emf.
12. (c) : Alternating emf, € = 220 sin 100 7t
Comparing with € = g, sin 21vt, we get

g, =220 Vand v = 50 Hz

(Using (i))

or $
—e0

M =

M
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Current amplitude,
I € _ & 220
O WL 2mul 27X S50%1/T
The ac ammeter will read the rms value of current.

=22 A

= \I/‘%: 3§=1.56 A.

13. (¢):Here V.=10 V, V3 =0, Vi =0, Ve = 10 V.
Rp=400kQ=400x10°Q R-=3kQ=3x10°Q
Now, V. - Vi = Rglp

10 — 0 = (400 x 10°) I
10

or Ip= ~=25%10"° A
400 %10
Also, Vi = Vep=I:Re or 10 -0 =1, x 3 x 10°
10 1
OF o= ~=3.33x1077 A
iy It 3.385¢10=
Amplification factor, 3 = ol eota — 133
IB 25%10
14. (a) : Terminal voltage, A
V=4E-I(4r) ..(i)
From the graph

WhenI=0,V =56V
From eqn. (i),

56=4E-0 - >
36 0 o5 1 LS 2
E= T=1.4V — J(amp)

15. (b):The effective force is only on PQ and RS.
The force on PQ isattractiveand on RS it is repulsive,
Force between two current carrying conductors is F|

between ABandPQ = “O;;Z' L , attractive force and
F, between ABand RS = Holgip "L , repulsive force
. 2nd’
. =(2ﬁ]20x20x0.15 25 20%20x0.15
I 0.02 am 012
= FreSultant:2X%X20X20X0.15'{1(2)0 11020}
=5x 10°*N
.................... @@
Monthly Test Drive CLASS XI
1. (b) 2. (c) 3. (c) 4. (@) 5. (d)
6. (b) 7. (a) 8. (a) 9. (b) 10. (b)
11. (b) 12. (c) 13.(b) 14.(a) 15. (b)
16. (d) 17. (c) 18.(b) 19.(d) 20. (a,b,c)
21. (a,c) 22. (a,b,d) 23.(a,c) 24.(a,d) 25.(ab)
26. (2.7) 27. (4) 28.(3) 29.(a) 30. (d)
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ELECTROMAGNETIC INDUCTION

Electromagnetic induction is the phenomenon of
production of emf in a coil, when the magnetic flux
linked with the coil is changed. The emf so produced
is called induced emf and the current so produced is

called induced current.

Magnetic Flux (¢)

¢ The total
magnetic field lines crossing
normally through a surface
placed in a magnetic tield
is called magnetic tlux (¢)
linked with the surface.
§ = B.A = BA cos 9,
where B is the magnetic field, A is the area of the
surface and 0 is the angle between the direction of
the magnetic field and normal to the surface.

® The SI unit of magnetic flux is weber (Wb).

® Magnetic tlux can be changed by
— changing the intensity of the magnetic field.
— changing the orientation of coil with respect to
the magnetic field.
— changing the area of the closed circuit.

number of

Sl

]

Faraday’s Laws of ElectromagneticInduction

¢ First law: Whenever magnetic flux linked with a
circuit (a loop of wire or a coil or an electric circuit

2020

Electromagnetic Induction | Alternating Current

in general) changes, induced emf is produced.
The induced emf lasts as long as the change in the
magnetic tlux continues.

¢ Second law: The magnitude of the induced emf is

directly proportional to the rate of change of the
magnetic flux.

o 9~

Induced emf, € = — =
dt t

Lenz’s Law

e [t states that the induced current produced in
a circuit always flows in such a direction that it
opposes the change or the cause that produces it.

¢ Lenz's law can be used to find the direction of
induced current. Lenz's law is in accordance with
the law of conservation of energy.

Fleming’s Right Hand Rule

¢ Fleming’s right hand rule gives us the direction of
induced emf or current, in a conductor moving in
a magnetic field.
According to this rule, if we stretch the fore finger,
central finger and thumb of our right hand in
mutually perpendicular directions such that fore
finger points along the direction of the field and
thumb is along the direction of motion of the
conductor, then the central finger would give us the
direction of induced current or emf.
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Motien ef conducter

Thumb

Magnetic
field

Fore finger

Applications of Lenz’s law

44

When the North pole of a bar magnet is moved
towards a coil as shown in the figure, the current
induced in the coil will be in anticlockwise direction.

e

&

When the North pole of a bar magnet is moved away
from the coil as shown in the figure, the current
induced in the coil will be in clockwise direction.

When a current carrying coil is moved towards a
stationary coil, the direction of current induced in
stationary coil is as shown in figure below.

T — ) S—
ES Yy —» A |
H = ©
| ~ (Stationary)

When a current carrying coil is moved away from a
stationary coil, the direction of current induced in
stationary coil is as shown in tigure below.

— IO S— )
4+ A Yy Y A
2 f e 3
| ©
(Stationary)
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When two coils A and B are arranged as shown in
tigure, then on pressing K, current in A increases in
clockwise direction. Therefore, induced current in
B will be in anticlockwise direction.

Q-{s 2

However, when key K is released, current in A
decreases in clockwise direction. Therefore,
induced current in B will be in clockwise direction.

When current in a straight conductor AB is
increased, induced current in loop will be in
clockwise direction as shown in the figure. If
current in AB is decreasing, the induced current in
the loop will be in anticlockwise direction.

A TT——— e —— B
Current

Motional Electromotive Force

If a conductor is moving with velocity v in a
magnetic field, electrons inside it experience a

force F = g(¥ x B)and accumulate at the end of the
conductor. Very soon, an electric tield is established.
Eventually component of magnetic force along the
conductor length is balanced by the electric field
force and the drifting of electrons stops and an emf
is established.

Now, € = —S‘E'df = J(U x B)-dI =>€=J(17 x B)-dl
This is general expression for induced emf in

a conducting wire. If #,B and ! are mutually
perpendicular to each other, then € = Bvl.

If conducting rod moves on two parallel conducting
rails, then phenomenon of induced emf can be
understood by the concept of changing area (Ivt).

d
Hence induced emf |€|= d—(: = Bvl
Induced Current: [ == — Bvl
R R




. [\, B
® Magnetic Force: F = BIl = B(B—V)l ==
R R
¢ Power dissipated in moving the conductor :
dW B2y}2 B2,%2
Pmech:Pext:W:FextW: R V= R
H BvI Y’
¢ Electrical Power : ey =— =1 ‘R= ( -RLJ R
4
B2,2)2
Pthermaf = R
® Motion of conducting rod in a vertical plane
— Rod will achieve a constant maximum
(terminal) velocity vrif F,,, = mg
2. g2
S0, 2 VTZ —mgivr = s
R B4I*
R
X X X m ¥ X
X X * | X bt X J&
Tl Y
X X X +Fm mell X %
X X S X mg+ X X
¢ Motional emf due to rotational motion
— emf induced across .
the ends of the rod is,
X X
€= lBlzm = Bl°mv
2 X X
= —szﬂ X X ‘\“x-"'/x X
T

Eddy Currents

® The currents induced in the body of a conductor,
when the magnetic flux linked with the conductor
changes are called eddy currents.

e Thedirection of the eddy currents in the conductor
can be found by applying Lenz’s law or Fleming’s
right hand rule.

¢ Applications of eddy currents

— Induction furnace is based on the heating effect
of eddy currents.

— Speedometer is a device used to measure the
instantaneous speed of a vehicle.

— Concept of eddy current is used in energy
meter to record the consumption of electricity.

@ Peep INto Previous Years

1.

A 10 m long horizontal wire extends from North
East to South West. It is falling with a speed of
5.0m s~!, at right angles to the horizontal component
of the earth’s magnetic field of 0.3 x 10™* Wb m™2.
The value of the induced emf in wire is
(a) 0.3x107°V (b) 2.5x 107>V
(c) 1.5x107°V (d) 1.1x 107V

(JEE Main 2019)
2. Acopperrod of massm slides
under gravity on two smooth i
parallel rails, with separation
| and set at an angle of 0
with the horizontal. At the
R
bottom, rails are joined by 5
a resistance R. There is a
uniform magnetic field B normal to the plane of
the rails, as shown in the figure. The terminal
speed of the copper rod is
(a) mgRsin® (b) mgR cotB
lez 8212
(c) mgRtan0O (d) mgR cosB
BY° Bl
(JEE Main 2018)
3. In which of the following devices, the eddy current
effect is not used?
(a) Electric heater (b) Induction furnace
(c) Magnetic braking in train
(d) Electromagnet (NEET 2019)
Inductance
¢ Inductance the analogous to inertia in mechanics,
because inductance of an electrical circuit opposes
any change of current in the circuit.
® Inductance is a scalar quantity. It has dimensions of
[ML?T 2A™?). SI unit of inductance is henry.
¢ Self Inductance

— When the current in a coil changes, it
induces a back emf in the same coil. The

dI
N
===y

self-induced emf is given by,
where L is the self-inductance of the coil.
NO NBA Oy

I I I
It is a measure of the inertia of the coil against

the change of current through it.
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3RAIN
AP

Forward Biased

Il W
SIS N

Effective barrier potential decreases.
Depletion width decreases.
Low resistance o ffered at junction.

High current flows through the
circuit.

V-1 Characteristic of a
p-n Junction Diode

Current flowing through diode,
B P LA

: : AV
Dynamic or ac resistance, t; = ——

‘T
Static or dc resistance, 7, = g

W/

Photodiode

It is fabricated with transparent window
to allow light to fall on the diode to
detect the light signal.

It is operated under reverse bias.

_LAS
b Als(mA)
) >3 5]

ELECTRONIC DEVIGES

Formation of p-# Junction

» Due to high carrier concentration difference, holes
diftuses from p-side to n-side and electron ditt uses
trom n-side to p-side, produces ditfusion current.

» Due tobarrier potential, majority charge carriers are
torced to move to other side of the junction and such
movement produces drift current.

Biasing of p-n junction

( diode
A
Ig(mA}a
Breakdown }
Ve s | TPy
P L _,J:'”_”_’#’Kr
%W 111— 96 %(v)
J currenl bias v
v IfuA)
Reversed Biased
9 n Vix) —> Iy
T T
| - ]

Eftective barrier potential increases.
Depletion width increases.

High resistance offered at junction.

Low current flows through the circuit.

vV V Y VvV VY

Reverse breakdown occurs at a high
reverse bias voltage.

W

Solar Cell

» Used to convert solar energy into electrical
energy.
» Il works ou the principle of pliotovoltaic effect.

I _ﬁi : IAV, (Open circuit
R voltage)

.L i_L! thﬁ .

Depletion - — >V

. layer

T ] Short circuit
5 current

p-i
A bas

of mai
dev
ti

p-n
The most import
of a p-n junctior
conductcurrentin
In the reverse dires

Ligh
» Used to emit
forward bias.

» Itconvertsele
(¢

. €
SR - b |

no\

S —_—

_——
o s
-—

—




Transistor Transistor as a Switch
. semiconductor device possessing fundamental action of transfer resistor.

ransistors are of two tvpes :
- n-p-ntransistor: A thin layer of p-type semiconductor is sandwiched between
two n-type semiconductors.

- p-n-p transistor: A thin layer of n-lype semiconductor is sandwiched belween
two p-type semiconductors.
here are three configurations of transistors

» CB (Common Base), CE (Common Emitter), CC (Common Collector).
ransistor characteristics

Operated in cut-off region
or saluration region.

¥ ‘~
 Inputresistance, (rf)(@)=[‘fi BE]
M-B Vcg=constant h
Output resistance, (*,) (M%J
+ Output resistance, (*,)cE) = 3 "} .
Al~ e ® Applications of Transistor
Y

-,...
L |

- Current amplification factor, B, = ( )

Transistor as an Amplifier

I <
s
Transistor as an Oscillator ., Vaa E Vo=

1 ]
, An oscillator produces gL Y ,-f( " -

% a continuing, repeated =, v Yo

10N k waveform without input ' @ [ ="cc 4
| other than perhaps a 5§ 71T O%L't O'\_/A‘u"‘

block trigger. e v v
ductor | ; Input and output signals are

des, 180° out of phase.
= | | —

Halt Wave Rectifier

Rectifier P n

Used to convertacsignal into dcsignal. ) EE H‘ >

Jiode | ~ > Fo-—m& .. Ips,

teristic

e 3 QL L =

lity to a DI u ) Applications of p-g » OQutput frequency = Input frequency
nonly. Junction Diode l » Efticiency = fa _ 40.6%

rs very high resistance. £

RC

“~

v v
Diode ‘ Zener Diode Full Wave Rectitier
us radiation under » Used as a voltage regulator. | len S—
» Ieavily doped p-njunction diode. aiﬁ ,.Bli‘l'
into light energy. » ' ition. . r
gy 8 gy Operated under reverse bias condition Vibopcat L—5i Viomes
= -~ R, Regulated A (mA)
<< A g 5 4 . £ max 2f
e .  “far roltage (V, - ¥ o ese= s [, =M
a - E’.;Eg = : f' o Eff'. v Rcvcr&: bias porsund b max- (y PE: Ry) * “de n
E E E 7 L e - ’V(V) » Output frequency = 2 x Input frequenc
4
3 .-"'Z.."/ RI‘ i 0 — Pﬁ“_‘
oo R ® o VLA > Efficiency P 81.2%




~ The self inductance of a long solenoid, the core
of which consists of a magnetic material of
permeability u, is

Lkt N*A
!

Here V = volume of solenoid = Al

A= = I, Mo n° Al=Ug i, 0 V

Self inductance of a planar coil of radius R

_pONan
fon— 7 N A =nR2

Mutual inductance

—~  When an emf is produced in a coil because of
change in current in a coupled coil, the effect is
called mutual inductance.

N1y and M, = APLZ
I I
— For same length and different number of
turns per unit length of two solenoids mutual
inductance is given by
My = My =, ug npnyx "12 [=M
rq = radius of inner coil

M, =

Mutual inductance of two concentric and coplanar

N,B,A NN, nr;
I 21 5
: . UB B
Magnetic energy per unit volume, tg = = 2
0

Combination of inductance

— Series combination
L =L + L, (take M = 0). If M # 0 then
Ly=L,+L,x2 M.
The plus sign occurs if windings in the two coils
are in the same sense, while minus sign occurs
if windings are in opposite sense.

— Parallel combination, - 4 :
L, L L
LiL,
L p = (take M =0)
L +L,
When M # 0 i.e., they situated close to each
LL, - M?
other, by = L ¥ L, M

Energy Stored in an Inductor
When a current I flows through an inductor, the energy

stored in it, is given by U, = % LI¢

The energy stored in an inductor is in the form of

magnetic energy.

48
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Current Growth in an LR Circuit

Emf equation : —MWWA—T00000™
dI R L
V=IR+L=— 1
dt t= 1
IV Switch

Current at any instant :
When key is closed the
current in circuit increases exponentially with
respect to time. The current in circuit at any instant
t is given by I = I(1 - e /M)

Just after the closing of key, inductance behaves like
open circuit and current in circuit is zero.

(Open circuit, t =0, I =0)
(Inductor provide infinite resistance)

Some time after closing of the key inductance
behaves like short circuit and current in circuit is

constant.
—AA
; R (Short circuit, t = oo, [ = I)
of (Inductor provide zero resistance)
= )
L \*)
vV :
— Iy =— (maximum or peak value of current)

— Peak value of current in circuit does not depend
on self inductance of coil.

Time constant : It is a time in which current
increases up to 63% or 0.63 times of peak current
value and given ast=L/R

(dl{ dt)

V/L - line
77 1 ———

Exponential
decay

Current Decay in an LR Circuit

Emf equation : IR+ Lﬂ =0
dt
AMWA—T00000™—
Initially, $;:ON | R L
S, : OFF /152
Finally, S, : OFF
S, :ON
t]= f’,sl
IV




® (Current at any instant : Once current acquires its
final maximum steady value, if suddenly required
switching positions (S; and S;) are interchanged
then current starts decreasing exponentially with
respect to time. The current in the circuit at any

instant ¢ is given by I = I, e /"

7
— Just after opening of key (t =0) = I =1, :‘E

— Some time after opening of key (t > o) =1, >0

® Time constant (T) : It is a time in which current
decreases up to 37% or 0.37 times of peak current
value t =L/R

(d/de)|
1 (V/L) - line
(v/L)
Exponential
decay
d

AC GENERATOR

It is a device used to obtain a supply of alternating
emf by converting rotational mechanical energy into
electrical energy. It is based on the phenomenon
of electromagnetic induction. i.e. when a coil is rotated
in uniform magnetic tield, an induced emf is produced
1n 1t.

The instantaneous value of the emf produced is given
by € = NBAwsinwt, where N is number of turns of the

coil, A is the area of coil and w is angular frequency of

rotation of the coil in a magnetic tield strength B.

@ Peep InTo Previous YEARS

4. The self induced emf of a coil is 25 volts. When
the current in it is changed at uniform rate from
10 Ato 25 A in 1 s, the change in the energy of the
inductance is

(a) 637.5] (b) 540 ]
(c) 437.5] (d) 740
(JEE Main 2019)

5. The magnetic potential energy stored in a certain
inductor is 25 mJ, when the current in the inductor
is 60 mA. This inductor is of inductance
(a) 0.138 H (b) 138.88 H
(c) 1.389 H (d) 13.89 H

(NEET 2018)

ALTERNATING GURRENT

[tisthe current which varies continuously in magnitude
and periodically in direction. It can be represented by
I= I, sinwt or I = Ipcosmt.

where ] is peak value of current and is known as
amplitude of ac and I is the instantaneous value of
alternating current.

Angular frequency, ®= 2 21c0 where T is period of

T
ac and v is frequency of ac.
Iy Iy
SATITT
2 * T *
LU

I as a sine function oft I as a cosine function of ¢t

Sl

Mean or Average Value of AC

Average value of the alternating current over a half cycle
is the value of direct current which will sends the same
amount of charge in a circuit in a time of half cycle as is
sent by the given ac in the same circuitin the same time.
For the complete cycle,

T
JI. sinmt dt

I - or I orl =< i =

jdt

0

T
JVO sin wt df
V. orVorV =2 =0

T
Jdt
0

Average value of alternating current for first half cycle is

17/2

J I, sinwitdt
. 2

= i L
I, ="*— ==1=0637],

_[dt
0

Similarly, for alternating voltage, the average value over

first half cycle is
T/2
J V, sin wrdt
S— — 2VO — VvV
v, =Lt — ==2=0.637V,

[ ar
49
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Average value of alternating current for second cycle is

J I, sin mtdt
_T/2 _
I, = T

) J dt

T/2

Similarly, for alternating voltage, the average value over
second half cycle is

J V, sin wtdt

_T1/2 _
Vav— } ——7—-0.637V0
dt
T/2

Root Mean Square Value of Alternating
Current

The value of that direct current which produces heat
at the same rate as the alternating current in a given
resistor is known as the rms value of alternating current.
rms value is also known as virtual value or effective
value. All ac instruments measure virtual value.

1
Irmszj_!éw:{).707 I. or 'V :ﬁ: 0.707 V()

Ims \/5

I 07071,

Form factor = =% —

I, 06371,

ay

=1.11

ACVoltage Applied to a Resistor

The varying potential difference

'y
V =V, sinot st e# v

V. V,sinot
then == OSR = I, sin ot "

Here the alternating voltage is in phase with current,
when ac flows through the resistor.

AC Voltage Applied to an Inductor

Potential difference across the inductor,
V =V, sine¢ I _T_
b
ET? LE v
o
wL

The alternating current lags behind the alternating

. T
or I:I.SIH(O)I—*Z'—

s

where I, =

voltage by a phase angle of /2 when ac tlows through
an inductor.

Inductive reactance : It is the opposition offered by the

inductor to the flow of alternating current through it.
X; =L =2nvl

AC Voltage Applied to a Capacitor

Potential difference across capacitor,

V =V, sinmt - _T_
T e ( s ] ET L= ¥
or I=1I,sin|wt+—
2 %!

where I = (0C)V,
The alternating current leads the voltage by a phase

angle of /2, when ac tlows through a capacitor.

Capacitive reactance : It is the opposition offered by
the capacitor to the flow of alternating current through
it.

Combinationof R-L, R-Cand L - Cin an AC Circuit

Term R-L

R L
—AWA—TI0000™—

Circuit

%

Iissame in R and L

W
y LZV
I: 1/R

V2 =VR2 ‘|‘V§

Phasor diagram

D
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Iissame in R and C

1 1
XC —
wC 2rvC
R-C L-C
R C“ L C'”
—WW—| 000000 —— |
%, %,

Iis same in L and C

Vv
R VL{ I
vV
V[ ] 5

2 , v=V,-Vc¢ (V> Vo)
V=Vc-Vg (Ve> Vo)




T
Vlags I (——, ifX-> X, ]

Phase difference N . 2

between V and I V leads I (O to —J V lags I (—— to 0 } T

2 2 V leads I (+5’ifXL >XCJ

Impedance Z=JR2+X5 Z=\/R2+X§3 Z =X, - Xc|

At very low v Z=R(X; —>0) Z=Xc Z=Xc

At very high v Z=X; Z=R (X;—>0) Z=X;
Series LCR-Circuit I — Susceptance
Let V =V, sinwt — ANV — 0000 The reciprocal of the reactance of an ac circuit is known
Then, I = I, sin (0t - ¢) as susceptance. It is represented by S.

h _Ye - Susceptance = 1
where Iy = 7 - DUSCEPIANCE = D eactance

Here Z is the impedance of the series LCR circuit.

N\ 2
Z = JREHXL —XC)?‘ = JR2 +(0)L— &)

The alternating current lags behind the voltage by a
phase angle ¢.
X; — X,

R
When X; > X, tan ¢ is positive. Therefore, ¢ is positive.
Hence current lags behind the voltage by a phase

tan ¢ =

angle ¢. The ac circuit is inductance dominated circuit.
When X; <X, tan ¢ is negative. Therefore, ¢ is negative.
Hence current leads the voltage by a phase angle ¢. The
ac circuit is capacitance dominated circuit.

Impedance triangle
[tisarightangled triangle,
whose base represents
ohmic resistance (R),
perpendicular represents
reactance (X; - Xo) and

(X —X5

hypotenuse represents impedance (Z) of the series LCR
circuit as shown in tigure.

Impedance of circuit, Z = J R*+(X, — X.)°

Admittance

The reciprocal of the impedance of an ac circuit is
known as admittance. It is represented by Y.

1 or Y= =
Impedance = = Z

Admittance =

The unit of admittance is (ohm)™* or siemen.

The unit of susceptance is (ohm) ™' or siemen.

1

® Inductive susceptance = :
Inductive reactance

¢ = 1 1
°F LTy , 0L
1
® (Capacitive susceptance = —
Capacitive reactance
1 |
or SC_XC—I/(DC_(DC

Resonance in Series LCR Circuit

® A circuit is said to be resonant when the natural
frequency of the circuit is equal to frequency of the
applied voltage. For resonance both L and C must
be present in circuit.

® Atresonance,
— X;=Xe, Vp= Ve
— 0 =0(V and I are in same phase)
_ 7 4

inin — R, Imax . 1

R
® Resonantfrequency:

1
Xi=Xec> OL=—
L ¢ 0C

1 1
6V \[E or, v, - .\/ﬁ
® Variation of Z with v

- If v < v, then X; < X, circuit is capacitive,
(¢ negative).

- Atv=v,, X; =X, circuit is resistive, ¢ = zero.

- If v > v, then X; > X circuit is inductive,
(0 positive).
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As V increases, Z first decreases then increases.

zt

{}l 1-.]'r 1;2 T.'l*
as L increases, I first increases then decreases.

® At resonance impedance of the series resonant
circuit is minimum so it is called acceptor circuit
as it most readily accepts that current out of many
currents whose frequency is equal to its natural
frequency. In radio or TV tuning we receive the

desired station by making the frequency of the
circuit equal to that of the desired station.

e Bandwidth Av =v, -1,

® Quality factor (Q) : Q-factor of ac circuit basically
gives an idea about stored energy and lost energy.

Maximum energy stored per cycle

Q=21 .
Maximum energy lost per cycle

— It represents the sharpness of resonance.
— Itis unitless and dimensionless quantity.
(X L)r (Xc), 2mu. L

- 9TTR TR R

1 \P v,
RYC Av bandwidth

—  Sharpness o« Quality factor
R decrease = Qincreases = sharpness increases

Power in AC Circuit

® LetV=V,sinwtand I=1;sin(wt-)
Instantaneous power P = V,, sin w¢-I; sin (0t - ¢)
= V¢ Iy sin 0¢ (sin 0f cos § — sin¢ cos wt)

® Average power <P>

T
1
= = j " sin® t cos O — Vg Iy Sin 0t cos ¢ sin ¢)dt
0
Volgcosd
P , =»><P>=V, I, cosd

o rms power, Prms = Vrms Irms
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Average power

® Power factor (cos ¢) =

R
cosP=—
¢ Z

® Power dissipation is maximum in resistive circuit

rms power

or at resonance in a LCR series circuit.

®¢ No power is dissipated in purely inductive or
capacitive circuit even a current is tflowing in the
circuit ( b= g) This current is referred as

wattless current.

® Power is dissipated only in resistor even circuit has
RL, RC or LCR combination.

Choke Coil

® Circuit with a choke coil is a series L — R circuit. If
resistance of choke coil = r (very small). Current in

vV
the circuit, /= = with Z = 'J (R +r)2 - ((1)L)2

® It has a high inductance and negligible resistance
coil.

® [tisused to control currentin ac circuit at negligible

power loss.

V r r
= > ()

2 Jr2+(1)2!,2 ol

® Resistance of an ideal coil is zero.

cosP=

LC Oscillation

® Theoscillation of energy between capacitor (electric
field energy) and inductor (magnetic field energy)

is called LC-oscillation.

1
® Frequency of oscillation L =
E 4 21 LC

® [f charge varies sinusoidally with time ¢ as
q = qo cos ¢, then current varies periodically with

. dg n’
time tas I = —==qgyWcos| Wt +—
dt A
® Ifinitial charge on the capacitor is g, then electrical
2
1490

energy stored in capacitor is Ug = =

® If the capacitor is fully discharged, then total
electrical energy is stored in the inductor in the

form of magnetic energy.

1
Up=—LI (?3 , where Iy = Maximum current

2




Transformer @ Peep Into Previous YEARS |

e A transformer is an electrical device which is used

for changing alternating voltages. It is based on the
phenomenon of mutual induction.

6. An alternating voltage v(t) = 220 sin 1007t V is
applied to a purely resistive load of 50 Q. The time

taken for the current to rise from half of the peak

] S value to the peak value is

| T T '/ (a) 33ms (b) 5ms (c) 2.2ms (d) 7.2 ms
& v d PN e % (JEE Main 2019)
l N l 7. Aninductor 20 mH, a capacitor 100 uF and a resistor
* 50 Q are connected in series across a source of emf,

\ J V =10 sin 314 . The power loss in the circuit is
Primary  Secondary (a) 0.79 W (b) 0.43 W

e Ifit is assumed that there is no loss of energy in (c) 274 W (d) LI13W  (NEET2018)

¢ Although some energy is always lost, this is a good

¢ A transformer affects the voltage and current. We

¢ Now, if Ng > Np, the voltage is stepped up

e [f Ng < Np, we have a step-down transformer. In inductance M is given by, k = M
this case V¢ < Vpand I > Ip. The voltage is stepped LL,
down and the current is increased. The value of k varies from 0 to 1.
Answer Key For Peep Into Previous Years
1. (c) 2. (a) 3. () 4. (c) 5. (d) 6. (a) 7. (a)

the transformer, then the power input = the power ® Pots For Extra Scoring

output, and since P =I'x Vthen I;Vp = [V » For a cylindrical region (of radius R) having time

varying magnetic field (dB/dt),
approximation, since a well designed transformer

r(dB
may have an efticiency of more than 95%. %(E), forr <R
I, Vs Ng inducedelectricfield, E;,, = y
W R”(dB )
I¢ Vp, N ; for r=2R
> g %5 ( dt

» The choice of whether the description of an
oscillatory motion is by means of sine or cosines

Vs :(,1&5_ ]vP and I _(N p J I, or by their linear combinations is unimportant,

have

Np since changing the zero-time position transforms
the one to the other.

» The co-efficient of coupling k between two

(Vs > Vp). This type of arrangement is called a
coils of inductance L; and L, having mutual

step-up transformer.

w_ebsit;a contai_ning }Ia_tabase of tea_chers_, acat_lemicians Iau_nched _

The exhaustive database, aimed at aiding teachers’ outreach and engagements beyond their institutional geographies, is an initiative of Deepak kumar Mukadam,
the chancellor's nominee in the University of Mumbai’s management council.

A weh portal containing a database of leading professors and academicians across the country has been launched to serve as a resource centre for educational
institutions to take better policy decisions. The exhaustive database, aimed at aiding teachers’ outreach and engagements beyond their institutional geographies,
is an initiative of Deepak kumar Mukadam, the chancellor's nominee in the University of Mumbai’s management council.

Maharashtra Higher and Technical Education Minister Vinod Tawde launched the database portal ‘academisthan.com’ here on 28" August. “This will open up a
new window ef resources for educational institutes. It is a welcome move of the University of Mumbai,” Tawee said.

Mukadam said the portal will bring all the top academicians and professors across the country under one roof. “Their work is now just a click away. The portal will
serve as a resource centre for educational institutions in government, semi-government and private sectors to develop their policies and other activities,” he added.
The database will help in providing requisite information to government agencies, NGOs and others to aid in making policy decisions, perspective plans and
allocation of resources related to higher education, as per the website. “Academisthan can engage with the government and NGOs for the cause of higher
education, academics and benefit of the teachers,” it said.
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[fV=100sin(100t) V and I=100sin (IOOt +§ )mA

are the instantaneous values of voltage and current,
then the rms values of voltage and current are
respectively

(a) 70.7 V,70.7 mA
(c) 141.4V, 141.4 mA

(b) 70.7V,70.7 A
(d) 100V, 100 mA

An express train takes 16 hours to cover the
distance of 960 km between Patna and Ghaziabad.
The rails are separated by 130 cm and the vertical
component of the earth’s magnetic field is
4.0 x 1077 T. If the leakage resistance between the
rails is 100 €, the retarding force on the train due to
the magnetic field will be

(a) 5x 107N (b) 8 x 107N

(c) 15%x107° N (d) 5x10° N

An inductor of inductance

L = 400 mH and resistors of I
resistancesR; =2QandR,=2Q R,

are connected to a battery of g R,

emf 12 V as shown in figure.
The internal resistance of the battery is negligible.
The switch S is closed at t = 0. The potential drop
across L as a function of time is

(a) 6e™V (b) 12V

(c) 6(1-¢e")V (d) 12¢7>'V

An air-core solenoid of length 30 cm, area of cross-
section 25 cm’ and number of turns 500, carries
a current of 2.5 A. The current is switched off
suddenly in a brief time 10~ s. How much is the
average back emf induced across the ends of the
open switch, neglecting the end effects?

(@) 27V (b)9.0V (c) 34V (d) 65V

When an alternating voltage of 220 V is applied
across a device X, a current of 0.5 A flows through
the circuit and is in phase with the applied voltage.
When the same voltage is applied across another
device Y, the same current again flows through the
circuit, but it lags behind the applied voltage by n/2
radian. Calculate the current flowing in the circuit
when same voltage is applied across the series
combination of X and Y.
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10.

11.

& WRAP it up!

(a) 0.51 A
(c) 2.50 A

(b) 0.35 A
(d) 457 A

A conducting ring of radius 1 m is placed in a
uniform magnetic field B of magnitude 0.01 T
oscillating with frequency 100 Hz with its plane at
right angles to B. What will be the induced electric
tield?

(@) TV m™ (b) 0.5V m™

(c) LOVm™ (d) 62Vm™

A uniform magnetic field B exists in a direction
perpendicular to the plane of a square frame made
of copper wire. The wire has a diameter of 2 mm
and a total length of 40 cm. The magnetic field
changes with time at a steady rate dB/dt = 0.02 Ts™".
What will be the current induced in the frame?
(Resistivity of copper = 1.7 x 107® Q m)

(@) 0.1IA (b) 02A (c) 03A (d)04A

In a uniform magnetic field of induction B, a wire
in the form of a semicircle of radius r rotates about
the diameter of the circle with angular frequency
w. The axis of rotation is perpendicular to the field.
If the total resistance of the circuit is R, then mean
power generated per period of rotation is

Bnriw (Brtr?m)?
@) 2R (b) 8R

(Brtrw)? (Brtrw?)?
(c) R (d) -

[f a resistance of 100 Q, an inductance of 0.5 H and
a capacitance of 10 x 107° F are connected in series
through 50 Hz ac supply, the impedance will be

(a) 1.87 Q (b) 101.3 Q
(c) 18.7 Q (d) 189.7 Q

The instantaneous values of alternating current and

voltage in a circuit are given as I = L sin (100mt) A
1
and €= —=sin (100t +7n/3) V
V2

The average power in watts consumed in the circuit is
(@) U4 () V3/4 () V2 (d) U8

The flux linked with a coil at any instant ¢ is given
by ¢ = 10t* - 50t + 250. Then induced emf at

t=3s1s

(@) .10V (b) 10V  (c) 190V (d) -190V




12,

13.

14.

15.

16.

17.

18.

In a series resonant LCR circuit, the voltage across
Ris 100 V and R =1 kQ with C = 2 uE The
resonant frequency ® is 200 rad s”'. At resonance,
the voltage across L is
(a) 4 x107°V

(c) 40V

(b) 25 x 1072V
(d) 250 V

Aninductor 20 mH, a capacitor 50 uF and a resistor
40 Q are connected in series across a source of emf
V =10 sin 340t. The power loss in ac circuit is

(a) 0.76 W (b) 0.89 W (c) 046 W (d) 0.67 W

A long solenoid has 1000 turns. When a current of
4 A flows through it, the magnetic flux linked with
each turn of the solenoid is 4 x 10~ Wb. The self
inductance of the solenoid is

(a) 2H (b) 1H (c) 4H (d) 3 H

A conducting metal circular-wire-loop of radius 7

is placed perpendicular to a magnetic field which
{
varies with time as B= B,e t, where By and 7 are

constants, at time t = 0. [f the resistance of the loop
is R, then the heat generated in the loop after a long
time (t = o) is

2..4 4 2,.4p2
(a) n°r B, (b) T°re B
2TR 2TR
R2riB¢R n’ri B
(c) . (d) .
T TR
An alternating voltage V = 20042 sin(1001)V

is connected to a 1 WF capacitor through an ac
ammeter. The reading of ammeter is

(a) 1I0mA (b) 20mA (¢) 40mA (d) 80 mA

A rectangular loop with a sliding connector of
length / = 1.0 m is situated in a uniform magnetic
field B =2 T, perpendicular to the plane of the loop.
Resistance of connector is r = 2 €. Two resistances
of 6 Q and 3 Q are connected as shown in figure.
Calculate the external force (in N) required to
keep the connector moving with a constant velocity

v=2ms_1.

®B

642 v 30

An arc lamp requires a direct current of 10 A at
80 V to function. If it is connected to a 220 V (rms),
50 Hz ac supply, what value of series inductance
(in mH) is required for its function?

19. When a dc voltage of 200 V is applied to a coil of

self inductance 2v3/m H, a current of 1 A flows
through it. But by replacing dc source with ac source
of 200 V, the current in the coil is reduced to 0.5 A.
Find the frequency (in Hz) of ac supply.

20. A circular loop of radius 0.3 cm lies parallel to a
much bigger circular loop of radius 20 cm. The
centre of the smaller loop is on the axis of the
bigger loop. The distance between their centres
is 15 cm. If a current of 2.0 A tlows through the
smaller loop, then the tlux linked with bigger loop
is x x 107'* Wb. Find the value of x.

1. (a): Theinstantaneous value of voltage is
V =100sin(100t) V

Compare it with V = Vgsin(wt) V

we get Vg =100V, ® = 100 rad s~

The rms value of voltage is

100

2

The instantaneous value of current is
;

V=707V

v, =0
ms 2

I =100sin 100t+3)mA

\ 3

Compare it with I = I4sin(wt + ¢)
we get [, = 100 mA, ® = 100 rad s
The rms value of current is

I, 100

™\

2. (a): As the train moves in a magnetic field, a
motional emf & = Bvl is produced across its width. Here,
B is the component of the magnetic field in a direction
perpendicular to the plane of the motion, ie., the
vertical component.

I mA =70.7 mA

The speed of the train is, v = 961(; ll(lm =16.67 m s71
Thus, & =(16.67ms™") (4.0 x 10> T)(1.3 m)
=8.6 X 107*V
The leakage current is I = ¢/R and the retarding force is
—4
F=np=3010"V ) 3 mxa.0x10°T
100 Q

—447x 107" N=5x10"N

3. (d):If I, is the current through R; and I, is
the current through L and R,, then I} = €¢/R; and I, =

-3

I (1 —¢™'"), where 1 = S g g L) —0.2s
R, 2

andl,= £ =12 =64
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Thus, I, = 6(1 - e 02
Potential drop across L,
£-RyI, =12V -2x6(1-e"*)v=(127%) v

4. (d): Given,/=30cm=30x10"°m,
Total number of turns N = 500
A=25cm*=25%x10"*m?*

I,=25A,1 =0,dt=10""s

_ d(BAN
Induced emf=" by = ( )
dt dt

ButB:u(,?I - 4B _,

N) (I, - 1I)
dt ! dt

Induced emf

500
30x1072
Induced emf=6.5V
This is the back emf induced because of cutting off the
current.

(0-2.5)
1073

—_4mx107 X X25x107% x500x

5. (b): The current and voltage are in phase with
each other, when alternating voltage is applied across a
resistor. Hence, the device X is a resistor. Its resistance is

given by, R = % =440 O

The current lags behind the voltage by phase angle
n/2, when the alternating voltage is applied across
an inductor. Hence, the device Y is an inductor. Its

220 220
0.5 0.5
Here, V... =220 V; R=440 Q ; X; =440 Q
If Z is impedance of L-R circuit, then
Z=JR*+ X2 =440 + 440? = 440J2 Q
Therefore, current in the L-R circuit,

V 220

reactance is given by, X, = =440 Q

[ o=—mms = 228 — 035354
Z 440\ .
6. (b):Here,r=1m,B=0.01T,t=—=——s
el=—"
Induced emf, |€] Y
2 2
E |_BA Brr O.len(l} eV
4 1/100

Induced electric field,
E:lg'-l: € =T _05Vm!

[ 2nr 2mxl1

7. (a): Here, total length { =40 cm =40 X 1072 m,
Resistivity = 1.7 X 10” 2Qm
The area A of the square frame

=(40 cm )(40 cm )=o.01 .
4 4

[f the magnetic field at an instant is B, the flux through
the frame at that instant will be ¢ = BA. As the area
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remains constant, the magnitude of the emf induced
will be

L0 ;4B . (0.01m?) (0.02TsH=2x10"V

dt dt

The resistance of the frame,

(1.7%107%Q m)(40x10*m) )
R= =2.16X1073Q2
3.14 x1x10°°m?

Hence, the current induced in the frame will be

& 2x107*V

R 2.16x107°Q
8. (b): As ¢g = BA cos it = B(—; T2 ) cos 0)f,

£ = 40p _ —Bmzm sin w¢

=9.3x107%A=0.1 A

a2 2(1))2
Instantaneous power, P = R = (BTZRO)) sin® ot
Pdt
J. Bnr w)? (T/2) .. (T., . _
P s= - R = (- J‘{;, sincwt=T/2)
_ (Brrim)?
8R
9. (d) B
€ /N2) 1
10. (d): As ¢, = JO—= (IJ\Z )= EV,
/2y _

= 2

and cos® = cos /3 =1/2

By = €rml rynis cos = (l )(l)(l): l W
2)\2/\2) 8

11. (a)
12. (d): Current, I=V/Z 2s(1)
where, V = \(V;réj‘ +(V, =V )

and Z=R? +(X; - X.)?
Atresonance, X; = Xc .. Z=R
and V; =V . V=Vp
Ve 100
R 1x10°
Voltage across inductance is V;
I 0.1

Vi=Ve=lie = = ox2x 10
13. (c): Here, L =20 mH =20 x 10— H,
C=50uF=50%x10°FR=40Q,
Given, V =10 sin 340¢
Comparing with V = Vi sint
w=340rads ' and Vg=10V
Now, X; = WL =340 x20 x 10 = 6.8 Q

1 _ 1 _ 104
WC  340x50x10° 34x5

=0.1A

1= (Using (i)

=250V

X, = —58.82Q




Z=JR+(X.— X, =J(40)? 1(58.82—6.8)>

= J(40)2 +(52.02)2 =65.62 Q
The peak current in the circuit is
v .
Iy == —r eos i (ij

Z 6562 V4 65.62
Power loss in ac circuit,

]
= vrms Irms COS(D = 5 VIIO COS(D

=lx10x 10 X 30 =046 W
2 65.62 65.62
14. (b)

!

15. (b): Here, B=Be °

Area of the circular loop, A =71

Flux linked with the loop at any time ¢,
s

0=BA=mr2Bse *

2

.
Emfinduced in the loop, 8——; = nr2B, le T
T
Net heat generated in the loop
2 204B2 » _% 244 B2 .
= E—d“nrzB”IE Tdt—n:Bﬂx : x[ _E_I]
" R ¥R 4 TR (_g) e " |,
2,42 2,04 0
_—Tr B, S _1)_1c 1 By
27T°R 2TR

16. (b): Comparing V = 20042 sin(100¢) with
V = Vysinot, we get V, =200V2 and 0 =100

Xeo=— S, o'
wC 100><1><10<’

As ac instruments read rms value, the reading of
ammeter is

I _ Vrm«: o V (. A V4 . &_
rms 1{(‘ J’_ XC rms JE )
20072

= =2x102A=20mA

\IEX104

17. (2): Motional emf induced in the connector
e=Blv=2(1)(2) =4V
The connector will acts as a cell of emf4 V and internal

\

resistance 2 €. 6 Q and 3 Q resistors are in parallel.
o o LE
R, 6 3 4V 4V
_l+2_3_1 N SR
6 6 2 ¥ e
R,=2Q
Current through the connector,
- . ST
R,+r 2+2

Magnetic force on the connector = BIl =2(1)(1) =2 N

18. (65) : For a dc source R

= L —r—NW—
[=10A, V=80V -
Resistance of the arc lamp,
V80 _ 1
S I 10 5:52 80V
For an ac source, €,,,, =220 V
V=50 Hz M—

W =27 x50 =100 rad s

Arc lamp will glow if I=10 A, T
: $,
I = ris 220V
JR? + 2 I2
or R2+0)2L2—( ) or 8% +(100 )ZLZ—(ZIZL}D)
2 _ @2
= L2:22 8 - [= 420—006‘%1—1
(100 70)? 100 &t
V 200
19. (50) : For dc voltage source, R=—= —200 Q
I 1
3
and L= iH
When dc source is replaced by ac source,
200
Impedance, Z =—= =400 Q
I, 05
Hence the reactance of inductor
XLzJZZ_RE [Z°=R*+X;?]
_ 400 —200% = 20072 —1 = 20043
Now, X; =L =2nvl =200 \B
200
o V3_ 20043 _ .
onl  2nx 2J 3/
20. (91) : As field due to 1
current loop 1 at an axial 2
point L LEY
s B = Iyl R?
L2d? + R 5
- -

Flux linked with smaller

loop 2 due to By is

e[ R?
qJE 14*2 2(d2 —|—R2)3;2

The coefficient of mutual inductance between the loops

I 2(d%+ R2)¥2
Flux linked with bigger loop 1 is
Remr?l
(Dl =MIZ — }’t. r 2
2(d? + R?)37°
Substituting the given values, we get
o = 4mx107" x(20x1072)2 xmtx(0.3x107%)2 x?2
: 2[(15x 1072 )2 +(20 x 1072 )2 12
¢ =9.1 x 107! wh,

7‘2

©®

D
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Chapterwise Practice questions for CBSE Exams as per the latest pattern
and marking scheme issued by CBSE for the academic session 2019-20.

: : Time Allowed : 3 hours
m Electromagnetic Waves | Optics el g

4 GENERAL INSTRUCTIONS e

(i) All questions are compulsory.

(ii) Section A :Q. no. 1 te 20 are very shert answer-objective questions and carry 1 mark each.
(iii) Section B : Q. no. 21 to 27 are short answer questions and carry 2 marks each.

(iv) Section C: Q. no. 28 to 34 are leng answer-I questions and carry 3 marks each.

(v) Section D : Q. no. 35 to 37 are long answer-1II questions and carry 5 marks each.

(vi) There is no overall choice in the question paper. However, internal choices are given in the sections.

(vii) Use log tables if necessary, use of calculaters is net allewed.

R e
SECTION-A B. The wavelength of infrared rays is lesser than

that of ultraviolet rays.

1. A short pulse of white light is incident from air to

a glass slab at normal incidence. After travelling

through the slab, the first colour to emerge is that of infrared rays. |
(a) blue (b) green D. Gamma ray has shortest wavelength in the

(c) violet (d) red electromagnetic spectrum.

Choose the correct option.

(a) A and B are true (b) Band C are true
(c) Cand D aretrue (d) A and D are true

C. The wavelength of microwaves is lesser than

2. To observe diffraction, the size of the obstacle
(a) should be A/2, where A is the wavelength

(b) should be of the order of wavelength

(c) has no relation to wavelength 5. The phenomena involved in the reflection of
(d) should be much larger than the wavelength. radiowaves by ionosphere is similar to

3. Displacement current goes through the gap (a) retlection of light by a plane mirror
between the plates of a capacitor when the charge (b) total internal reflection of light
on the capacitor (c) dispersion of light by water molecules during
(a) is changing with time (b) decreases the formation of a rainbow
(c) decreases to zero (d) all of the above. (d) scattering of light by the particles of air.

4. A. Wavelength of microwaves is greater than that 6. For light diverging from a point source
of ultraviolet rays. (a) the wavefront is spherical
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10.

11.

12.

13.

14.

15.

16.

17.

(b) the wavefront is cylindrical

(c) the wavefront is parabolic

(d) the intensity at the wavefront does not depend
on the distance.

A microwave and an ultrasonic sound wave have
the same wavelength. Their frequencies are in the

ratio (approximately)
(a) 102 (b) 10% (c) 10° (d) 10®

Which of the following electromagnetic waves is
used in medicine to destroy cancer cells?

(a) IR-rays (b) Visible rays

(c) Gamma rays (d) Ultraviolet rays

The tinal image in an astronomical telescope with
respect to object is

(a) virtual and erect
(c) real and inverted

(b) real and erect
(d) virtual and inverted.

From Brewster’s law, except for polished metallic

surfaces, the polarising angle

(a) depends on wavelength and is different for
different colours

(b) independent of wavelength and is different for
different colours

(c) independent of wavelength and is same for
different colours

(d) dependson wavelength and is same for different
colours.

A variable frequency ac source is connected to
a capacitor. How will the displacement current
change with decrease in frequency?

Give the ratio for velocities of light rays of
wavelength 4000 A and 8000 A in vacuum.

Why does a ray of light bend towards normal as it
parallel beam of light passing

passes from air to glass ?

A Hw
through a convex lens of refractive 2
index M, kept in a medium of \ }
refractive index W, is shown. > \V/ >
Is (i) b, = M, Or (ii) M, > W, or
(iii) n g <My 7
Which of the following waves can be polarized

(a) Heat waves (b) Sound waves? Give reason to
support your answer.

In the figure shown, path of a

Why is the resolving power of a microscope having
oil immersion objective high?

For the same value of angle of incidence, the angles
of refraction in three media A, B and C are 15°, 25°

18.

19.

20.

and 35° respectively. In which media would the
velocity of light be minimum?

A ray of light falls on a transparent sphere with
centre C as shown in the figure. The ray emerges
from the sphere parallel to the line AB. Find the
angle of refraction at A if refractive index of the
material of the sphere is /3 .

For a given single slit, the diffraction pattern is
obtained on a fixed screen, first by using red light
and then with blue light. In which case, will the
central maxima, in the observed diffraction pattern,
have a larger angular width?

Which part of electromagnetic spectrum has largest
penetrating power?

2l

22.

23.

24.

25.

A plane electromagnetic wave travels, in vacuum,
along the y-direction. Write (a) the ratio of the
magnitudes, and (b) directions of its electric and
magnetic field vectors.

The human eye has an approximate angular
resolution of ¢ = 5.8x10°* rad and a typical
photoprinter prints a minimum of 300 dpi (dots per
inch, 1 inch =2.54 cm). At what minimal distance z
should a printed page be held so that one does not
see the individual dots.

(a) A person standing before a concave mirror
cannot see his inverted image unless he stands
beyond the centre of curvature. Why?

(b) Using mirror formula, explain why does a
convex mirror always produce a virtual image.

OR
Explain with reason, how the power of a diverging
lens changes when (a) it is kept in a medium
of refractive index greater than that of the lens.
(b) incident red light is replaced by violet light.

For a glass prism (1 = J3 ) the angle of minimum
deviation is equal to the angle of the prism. Find the
angle of the prism.

Why is no interference pattern observed when two
coherent sources are

(a) infinitely close to each other?

(b) far apart from each other?
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26.

27.

OR
The critical angle between a given transparent
medium and air is denoted by i. A ray of light
travelling through air enters this transparent
medium at an angle of incidence equal to the
polarizing angle (i,). Deduce a relation for the angle
of refraction (r P) in terms of i .

(a) An electromagnetic wave is travelling in

a medium with a velocityv=vi. Draw a
sketch showing the propagation of the
electromagnetic wave, indicating the direction
of the oscillating electric and magnetic fields.
(b) Identify the electromagnetic waves whose
wavelengths vary as
i) 1002m<A<10®m
(i) 10°m<A<10im
Write one use for each.

How are X-rays produced? Write their two
important uses.

28.

29.

30.

31.

@

Define the term, “refractive index” of a medium.
Verify Snell's law of refraction when a plane
wavefront is propagating from a denser to a rarer
medium.

Answer the following questions:

(a) Name the electromagnetic waves which are
suitable for radar systems used in aircraft
navigation. Write the range of frequency of
these waves.

If the Earth did not have atmosphere, would its
average surface temperature be higher or lower
than what it is now? Explain.

An electromagnetic wave exerts pressure on the
surface on which it is incident. Justify.

OR
Give four basic properties of electromagnetic waves.

(b)

(c)

An object of size 3.0 cm is placed 14 ¢cm in front of

a concave lens of focal length 21 cm.

(a) What is the nature, size and position of the
image formed?

(b) What happens if the object is moved further
away from the lens?

(a) (i) What is meant by a linearly polarized light?
(ii) Describe briefly using a diagram how
sunlight is polarised?

(b) Unpolarised light is incident on a polaroid.
How would the intensity of transmitted light
change when the polaroid is rotated?

PHYSICS FOR YOU | OCTOBER 19

32.

33.

34.

(a) A mobile phone lies along the principal axis
of a concave mirror. Show, with the help of a
suitable diagram, the formation of its image.
Explain why magnification is not uniform.

(b) Suppose the lower half of the concave mirror’s
reflecting surface is covered with an opaque
material. What effect will this have on the
image of the object? Explain.

OR
(a) Draw a ray diagram showing the path of a ray of
light entering through a triangular glass prism.
(b) Deduce the expression for the refractive index
of glass prism in terms of the angle of minimum
deviation and angle of the prism.

Two towers on top of two hills are 40 km apart. The
line joining them passes 50 m above a hill halfway
between the towers. What is the longest wavelength
of radiowaves, which can be sent between the
towers without appreciable diffraction effects?

Two convex lenses, of equal focal length, but
of aperture A, and A,(A, < A|) are used as the
objective lenses in two astronomical telescopes
having identical eyepieces. Compare the ratio of
their (a) resolving power (b) (normal) magnifying
power and (c) intensity of images formed by them.

Which one of the two telescope should be preferred?
Why?

35.

36.

Draw a ray diagram to show the image formation by
a concave mirror when the object is kept between
its focus and the pole. Using this diagram, derive
the magnification formula for the image formed.

OR

Draw a ray diagram showing the formation of the
image by a point object on the principal axis of a
spherical convex surface separating two media of
refractive indices 7, and n,, when a point source is
kept in rarer medium of refractive index n,. Derive
the relation between object and image distance
in terms of refractive index of the medium and
radius of curvature of the surface. Hence obtain the
expression for lens-maker’s formula in the case of
thin convex lens.

(a) Distinguish between linearly polarised and
unpolarised light.

(b) Show that the light waves are transverse in
nature.




(c) Why does light from a clear blue portion of 11. With the decrease in frequency, the reactance,
the sky show a rise and fall of intensity when

: . . = Increases.
viewed through a polaroid which is rotated? 30 2nuC R
Explain by drawing the necessary diagram. This decreases conduction current. As I, = I, the
OR displacement current will also decrease.
(a) In Young’s double slit experiment, derive the 12, Ratio = I, because light rays of both wavelengths
condition for travel with the same velocity in vacuum.

(1) constructive interference and

y i . sIni:
(ii) destructive interference at a point on the 3 \We know that L= ——==
screen., L LA
(b) A beam of light consisting of two wavelengths, As the speed of light in air is greater than that in
800 nm and 600 nm is used to obtain the glass i.e., ¢ > v, sosin i > sin ror Zi > /r. Hence a
interference fringes in a Youngs double slit ray of light bends towards the normal as it passes
experiment on a screen placed 1.4 m away. If from air to glass.

the two slits are separated by 0.28 mm, calculate o=
the least distance from the central bright et
maximum where the bright fringes of the two  15. As only the transverse wave can be polarized, that

wavelengths coincide. is why the heat waves which are transverse wave
37. (a) A ray of light passing from air through an and have vibrations perpendicular to the direction
equilateral glass prism undergoes minimum of propagation can be polarized whereas the sound
deviation when the angle of incidence is 3/4 of waves cannot be polarized being longitudinal in
the angle of prism. Calculate the speed of light nature and having vibrations in the direction of
in the prism. propagation.
(b) Figure shows a ray of light passing through a 21 $in O

prism. If the refracted ray QR is parallel to the  16. Resolving power of a microscope =
base BC, show that (i) r, = r, = A/2, (ii) angle of
minimum deviation, D, = 2i - A.

A

Thus such a microscope uses oil of high refractive
index ({t) between the object and the objective, in
order to have a high resolving power.

(a) Draw aray diagram showing image formation
in a compound microscope. Define the term
limit of resolution and name the factors on
which it depends. How is it related to resolving
power of a microscope?

(b) Suggest two ways by which the resolving power
of a microscope can be increased.

(c) A telescope resolves whereas a microscope
magnities. Justify this statement.

1. (d) 2. (b) 3. (d) 4. (d)
5. (b) 6. (a) 7. (<) 8. (¢)
9. (d) 10. (a)
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17.

18.

19.

20.

21.

22,

2%

@

o c sing
Refractive index, |t =—=—
y sinr

As sinl5° < sin25° < sin35°
So, v 4 <V <V
Hence in medium A, velocity of light is minimum.

From Snell’s law, we have : s’m(:) =
sin(r)
AtA,i=60%u= 3
Now, sin(r) = sin(i)
1)
= Sln(r) = Sln(60 ) = l = r= Sin—l (l)
N 2
r=30°
Angular width of central maxima is given by
20=2%
a

Since A > A,. Therefore, width of central maxima of
red light is greater than the width of central maxima

of blue light.

Gamma rays (frequency range > 3 x 10%! Hz) has
largest penetrating power.

(a) E/B=c, speed of light

(b) For an electromagnetic wave travelling along
y-direction, its electric and magnetic field vectors
are along z-axis and x-axis respectively. The

direction of E x B is same as that of direction of

A A
.

wave propagation and kxi=j.
Given, angular resolution of human eye,

¢ =5.8x10"*rad

Linear distance between two successive dots in a

2.54

typical photoprinter is [= e 0.85x107% cm

L)
We know ¢=i’ ¢=0-85X10
z
-2
Z:O.85x104 B,
5810

(a) A concave mirror forms real inverted image
when the object is placed beyond F. When the
person stands between F and C, the image is formed
beyond C i.e., behind the man and the man is not
able to see his image. When he stands beyond C,
real and inverted image is formed between F and C
i.e., in front of him and so he can see his image.

(b) For convex mirror:f>0,u<0
1 1 1
u f

Using mirror formula, w i
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24,

25,

1 1 1 1 1 1 1 1 fxu
oo i T —=——|——ﬁ1/=
f+u

v f u_f_(—u):)v f u
wov>0
This implies that image of object placed in front of
a convex mirror is always formed behind the mirror

which is virtual in nature.

OR
P:iz(”ful ](1 - \ﬂ‘
T Ky R R,

For a diverging lens : R, = -R, R, = +R

P= [112 =] }[—2) = a negative value
Hy R
(a) Whenp,>n,, P= 1 _ a positive value

Thus, the lens becomes converging.

(b) (Ur)vialet > (Mp)red
The power of the lens increases when red light is

replaced by violet light.

Given, M = \[3:, 0, =A
Angle of minimum deviation,
1— sin((A+0,,)/2)
~ sin(A/ 2)

. [A+A
ng 511.1 ) =?.sin(A./Z) cos(A/2)
sin (A /2) sin(A/2)

(. 8y =A)
J3 =2 cos (A/2)

3 oA

cos(A/2)=— or —=30° .. A=60°
2 2

Fringe width, B = ., o
ringe width, = r z.n..,Bocd

(a) when the two coherent sources are placed
infinitely close to each other, the fringe width
becomes very large. Even a single fringe may
occupy the entire screen. The interference pattern
is not observed.

(b) As the distance between the sources 1is
increased, the fringe width goes on decreasing.
At very large separation, it becomes too small to
be detected. The interference pattern cannot be
observed.

OR

According to Brewster's law, when a ray of light
is incident on a transparent refracting medium at

polarising angle i , then p = tan :
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26.

27.

28.

But1p+rp=90 0r1p:90 _rp

U = tan(90° - rp) =cotr_ = L

P
tan rp

Asi is the critical angle for the transparent medium,

..(11)

(1)

SO, L=

sinz_
On comparing (i) and (ii), we get

. . . “1f - .
tan r,=sini orr, = tan™"(sin i ).

(a) In figure shown, the velocity of propagation of
electromagnetic wave is along X-axis ¥ =vi and

electric field E along Y-axis and magnetic field B
along Z-axis.

E
f!!ll!ll!i rff{;;ﬂ‘fﬂf!_!!!!!!!} sf/ﬁf((!.
A il

(b) (i) X-rays - used to study atomic structure.
(ii) Microwaves - used in radar application.
Production of X-rays

electrons strike a metallic target of high atomic
weight and high melting point, X-raysare produced.

When high energetic

In production of X-rays mechanical energy of
electrons is converted as electromagnetic energy of
X-rays.

Uses : (i) X-rays are used in medical diagnostics
to detect fractures in bones, tuberculosis of lungs,
presence of stone in gall bladder and kidney.
(ii) They are used in engineering to check flaws in
bridges. In physics X-rays are used to study crystal
structure.

Refractive index (W) : Refractive index of a medium
is defined as the ratio of the speed of light in vacuum
to the speed of light in that medium. i.e.,

¢ Speed oflight in vacuum

ST Speed of light in that medium

Given figure shows the refraction of a plane
wavefront at a rarer medium i.e., v, > v,

Incident
wavefront

Denser - v, Vil
e
Rarer - v,
¥y 5 Refracted

“D wavefrent
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29,

30.

Let the angles of incidence and refraction be i and r
respectively.

From right AABC, we have, sin /BAC =sini = %

From right AADC, we have,
sini  BC Wt

sin ZDCA =sinr= 42 - — = =
sinr  AD vyt

AC

= 1112 (a constant)

sini Vi
or — =
sinr v,

This verities Snell’s law of refraction. The constant
i, is called the refractive index of the second
medium with respect to first medium.

(a) Microwaves are suitable for the radar system
used in aircraft navigation. Range of frequency of
microwaves is 10° Hz to 101! Hz,

(b) If the Earth did not have atmosphere, then
there would be absence of green house effect due to
the atmosphere. Due to this reason, the temperature

of the earth would be lower than what it is now.
(c) An electromagnetic wave carries momentum

Energy of wave (U)

with itself and given by p= Speed of the wave (c)

When it is incident upon a surface it exerts pressure
on it.

OR

The basic properties of electromagnetic waves are :
(i) Electromagnetic waves are produced by
accelerated charges and do not require any medium
for their propagation.
(ii) The oscillations of EandB fields are
perpendicular to each other as well as to the
direction of propagation of the wave. So, the
electromagnetic waves are transverse in nature.
(iii) All electromagnetic waves travel in free space
]

with the same speed, ¢ =
VHoEo

(iv) The amplitude ratio of electric and magnetic
Eq ]

=3x108msL.

fieldsis —=c=
BQ 1“-1[] (S
(a) Object of size 3 cm is placed 14 ¢cm in front of

concave lens.

Lens formula, g _ b

v u f
1 1 _ 1 . 1_ 1 1_=2-3
v =14 =21 v 21 14 42
vz—%z——&élcm




31.

< 7 A

Formula for magnification

f=21cm

O U
I v ‘ r
or 6 = O=4+3 -:mT
z 14 u:m_}
5 I =—8*4
+3 -14

= I=+18cm

So, the image is virtual, erect, of the size 1.8 cm and
is located 8.4 cm from the lens on the same side as
object.

(b) As the object is moved away from the lens, the
virtual image moves towards the focus of the lens
but never beyond it. The image also reduces in size
as it shifts towards focus.

(a) (i) If the vibrations of a wave are present only
in one direction in a plane perpendicular to the
direction of propagation, then these waves is said to
be linearly polarised.

(ii) The acceleration of the
charges, in the scattering o
molecules, due to the electric
field of the incident radiation,

can be in two mutually
perpendicular directions. The
observer, however, received the
scattered light, corresponding to only one of these
two sets of the accelerated charges.

This causes scattered light to get polarised.

(b) When unpolarsied light is incident on a
polaroid, then transmitted light will be polarised
with half the intensity of unpolarised light. When
polaroid is rotated, then the intensity of transmitted
light remains constant.

(a) The formation of the
image of the cell phone
is shown in figure. The
part which is at C will be
imaged at C and will be
of the same size, i.e., Q'C
= QQC. The other end P
of the mobile phone is highly magnified by the
concave mirror.

Thus the different parts of the mobile phone are
magnified in different proportions because of their
different locations from the concave mirror.

(b) One would naturally think that image will be

half of the object, but taking the laws of reflection
to be true for all points of the mirror, the image will

Incident sunlight
(unpolarised)

Scattered light
(polarised)

To observer

Visit “MTG IN YOUR CITY” on www.mtg.in to locate

be of the whole object. However, as the area of the
reflecting surface has reduced, the intensity of the
image will be dim.

OR
(a) The ray diagram showing the path of a way of
light entering through a triangular glass prism is
given below.

(b) At minimum deviation, the inside beam travels
parallel to base of the prism.

Then,i=e¢
Feg
0, =(i+e)-(r+r)
D, =21=0r (i)
Alsor+r=A=2r ..(i1)
So, angle of incidence using equation (i)
A+0
= S L5 angle of refraction r = %

Your favourite MTG Books/Magazines available in
DELHI at

2843 313 9, 8 35

nearest book seller OR write to info@mtg.in OR call
0124-6601200 for further assistance.
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34.

66

Now refractive index of the material of prism

A+9d,

o sin( mJ
ﬂ!.l =sz= 2
& sinr . A
511’12

where A is the angle of the prism and A = 60° for an
equilateral prism.

For diffraction of radiowaves not to occur the
distance of middle hill from the source should be
less than fresnel distance for a slit width ‘a’ of 50 m.

_a

A

Dp =

Tower 2

Distance between one of the towers and the hill
halfway in between

=‘;—ﬂkm=20000m=20x103m

Longest wavelength of radiowave which can be sent
without appreciable diffraction effect

2 50%50
?L — o
Dp - 20x10°
Thus wavelength of radio waves longer than
12.5 cm will bend due to the hill in the middle of

the towers.

=12.5cm

(a) Resolving power of a telescope = b
1.22A
(RP); _ Ay
(RP.), A,

(b) Magnifying power of a telescope (in normal
adjustment) = f,/f,
(M.P.),
(M.P.),

because f, and f, are same in both cases.
(c) Intensity ratio of images

L _ 4
I, 4
The telescope with objective of aperture A, should
be preferred for viewing as this would

(i) give a better resolution.
(ii) have a higher light gathering power.

=1

> ]
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36.

L 7

35. Refer to answer 14, Page no. 215 (MTG CBSE

Champion Physics Class 12).

OR
Refer to answer 63, Page no. 224 (MTG CBSE
Champion Physics Class 12).

Refer to answer 107, Page no. 270 (MTG CBSE
Champion Physics Class 12).

OR
Refer to answer 45, Page no. 259 (MTG CBSE
Champion Physics Class 12).

(a) Refer to answer 81, Page no. 226 (MTG CBSE
Champion Physics Class 12).
(b) Refer to answer 71, Page no. 225 (MTG CBSE

Champion Physics Class 12).

OR
Refer to answer 123, Page no. 234 (MTG CBSE

Champion Physics Class 12).
@

Education Ministry’s ‘Shagun’ Portal to Connect
92 Lakh Teachers, 26 Crore Students

The Human Resource Development (HRD) Ministry on 28™ August
launched a school education portal ‘Shagun’ with an aim to integrate
over 2.3 lakh educational websites. The web portal is set to link 15
lakh schools across the country and will provide teachers, students
and parents all the information that they need on school education.
According to Union HRD minister Ramesh Pokhriyal Nishank the schools
have been geo-tagged due to which all the data provided by them will
be accessed through ‘Shagun'.

The HRD Ministry officials while talking about the security level and
accuracy of the information said that there will also be a third-party
verification of the information provided by schools and websites.
These schools and websites include — 1,200 Kendriya Vidyalayas, 600
Navodaya Vidyalayas, 18,000 CBSE-affiliated schools, 30 SCERTs,
19,000 organisations affiliated with NCTE among others are integrated
with the portal.

HRD Ministry officials further said, “Report cards of 15 lakh schools all
over the country will be available on the newly created junction. The
portal seeks to connect approximately 92 lakh teachers and 26 crore
students. The website provides a very robust feedback mechanism.
Common people can directly give their feedback about schools
which will further increase the public participation and will ensure
accountability and transparency.” They added, “The single source
of information will immensely benefit all the stakeholders, including
parents and the general public, heads of schools, teachers, students,
the policy makers, the officials and the researchers. The website also
provides vital information relating to the availability of nearby schools,
navigable distance vis-a vis aerial distance between schools.”

The ministry said the Shagun (htpp://shagun.govt.in/) is an over-arching
initiative to improve school education system by creating a junction for
all online portals and websites.
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nly One Option Correct Type noT 1,
The magnetic potential due to a magnetic dipole
at a point on its axis distant 40 cm from its centre (c) BAVA (d) ZBA\/E
is found to be 2.4 x 10 J A~ m™'. The magnetic WoTt Mov/n

moment of the dipole will be
(a) 28.6 A m° (b) 32.2 A m’
(c) 38.4 Am” (d) 22.2 A m?

A circular coil of radius R carries an electric
current. The magnetic field due to the coil at a
point on the axis of the coil located at a distance r
from the centre of the coil such that r >>R, varies as

@> g © 5 @ -
5 R e g) - ——
r 112 2 3
A beam of protons with a velocity 4 x 10° m s~
enters a uniform magnetic field of 0.3 T at an angle

of 60° to the magnetic field. Find the pitch of the

helix. (Mass of the proton = 1.67 X 107" kg)
(a).2.35cm (b) 5.35cm
(c) 4.35cm (d) 6.35cm

Two long parallel straight conductors carry

currents I, and I, (I; > I,). When the currents are

in the same direction, the magnetic field at a point

midway between the wires is 20 uT. If the direction

of 1, is reversed, the field becomes 50 uT. The ratio
L)

of the currents — is
I,
S 7 4 2
= b) = = 1 =
(a) : (b) - (c) = (d) :

Magnetic field at the centre of a circular loop of
area A is B. The magnetic moment of the loop is

In a vibration magnetometer, the time period of
a bar magnet oscillating in horizontal component
of earth’s magnetic field is 2 s. When a magnet is
brought near and parallel to it, the time period

reduces to 1 s. The ratio % of the fields, F due to

magnet and H, the horizontal component will be

@ 3 () \}5 (©) % @) 3

A current path shaped as shown in figure produces
a magnetic field at P, the centre of the arc. If the arc
subtends an angle of 30° and the radius of the arc is

0.6 m. What is the magnitude of the field at P if the

current is 3.0 A? ; E
(a) 2.62x107°T o
(b) 3.62x 1077 T e ‘)in"
(c) 262x 107" T -

(d) 467 x 1078 T

A proton is projected with a uniform velocity v

along the axis of a current carrying solenoid, then

(a) the proton will be accelerated along the axis.

(b) the proton path will be circular about the axis.

(c) the proton moves along helical path.

(d) the proton will continue to move with velocity v
along the axis.
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10.

11.

12.

A long solenoid has 800 turns per metre length of

solenoid. A current of 1.6 A flows through it. The
magnetic induction at the end of the solenoid on
its axis is

(a) 16 X 10°*T (b) 8x10°* T

(c) 32x107*T (d) 4x107*T

Which of the following characteristics is not

associated with a ferromagnetic material?

(a) Itis strongly attracted by a magnet.

(b) It tends to move from a region of strong
magnetic field to a region of weak magnetic
field.

(c) Ferromagnetism is produced due to spin of
electrons.

(d) Above the Curie temperature, it exhibits
paramagnetic properties.

A 0.1 m long conductor carrying a current of
50 A is held perpendicular to a magnetic field of
1.25 mT magnitude. The maximum mechanical
power required to move the conductor with a
speed of 1 ms™' is

(a) 62.5 mW (b) 625 mW

(c) 6.25 mW (d) 12.5 mW

The torque required to hold a small circular coil
of 10 turns, area 1 mm” and carrying a current

of (i)ﬂs in the middle of a long solenoid of

10” turns per metre carryinga current of 2.5 A, with
its axis perpendicular to the axis of the solenoid is

Solenoid

(a) 1.5x10°°Nm (b) 1.5x 10 N m
(c) 1.5x 10° N m (d) 1.5 x 10° N m

Assertion & Reason Type

Directions : In the following questions, a statement of assertion
is followed by a statement of reason. Mark the correct choice as :

(@)
(b)

. Assertion

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

: The sensitivity of a moving coil
galvanometer is increased by placing a suitable
magnetic material as a core inside the coil.

Reason : Soft iron has a high magnetic permeability
and cannot be easily magnetized or demagnetized.
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14.

15.

Assertion : The true geographic north direction is
found by using a compass needle.

Reason : The magnetic meridian of the earth is
along the axis of rotation of the earth.

Assertion : The net force on a closed circular
current carrying loop placed in a uniform magnetic
field is zero.

Reason : The torque produced in a conducting
circular ring is zero when it is placed in a uniform
magnetic field such that the magnetic field is
perpendicular to the plane of loop.

JEE MAIN / ADVANCED

Only One Option Correct Type

16. At a certain location in Africa, a compass points

17.

12° west of the geographic north. The north tip
of the magnetic needle of a dip circle placed in
the plane of magnetic meridian points 60° above
the horizontal. The horizontal component of the
earth’s field is measured to be 0.16 G. The direction
and magnitude of the earth’s field at the location, is
(a) 32° west of geographical meridian and
325107 T
(b) 12° west of geographical meridian and
032 % 10°*T
(c) 12° east of geographical meridian and
032101
(d) 32° east of geographical meridian and
325107 T

Two parallel wires P and Q placed at a separation
of r = 6 cm carry electric currents I, = 5 A and
I, = 2 A in opposite directions as shown in figure.
Find the point on the line PQ where the resultant

magnetic field is zero.
I

e

2
X ®
P Q
“+ r >

(a) 4 cm to the right of Q
(b) 9 cm to the left of P
(c) 2 cm to the right of P
(d) 3 cm to the left of Q

18. A long straight wire of radius a carries a steady

current I. The current is uniformly distributed
across its cross-section. The ratio of the magnetic

a : .
field at — and 2a from its centre is

2
(a) 1:4 (b) 4:1 tel 1zl (d) 1:2




19.

20.

21.

22,

A ring of radius R having uniformly distributed
charge Q is mounted on a rod suspended by
two identical strings. The tension in strings in
equilibrium is T,,. Now a vertical magnetic field
is switched on and the ring is rotated at constant
angular velocity ®. Find the maximum ® with
which the ring can be rotated if the strings can
withstand a maximum tension of 37T,,/2.

« >

D

N\
A \Jdm
tHtittes

More than One Options Correct Type

A conductor ABCDE as shown, carries a current .
It is placed in the xy plane with the ends A and E on
the x-axis. A uniform magnetic field of magnitude
B exists in the region. The force acting on it will be

B

A >

(a) zero, if B is in the x-direction

(b) ABI in the z-direction, if B is in the y-direction

(c) ABI in the negative y-direction, if B is in the
z-direction

(d) 2aBlI, if B is in the x-direction.

A microammeter has a resistance of 100 £ and
a full scale range of 50 pA. It can be used as a
voltmeter or as a higher range ammeter provided a
resistance is added to it. Pick the correct range and
resistance combination(s).

(a) 50 V range with 10 k€2 resistance in series.

(b) 10 V range with 200 k€ resistance in series.
(c) 5 mA range with 1 Q resistance in parallel.

(d) 10 mA range with 1 € resistance in parallel.

Z

A direct current I flows
along a long straight wire
as shown in the figure.
From point O the current
spreads radially all over on
infinite conducting plane

perpendicular to the wire.
Then

23.

(a) magnetic field in region @ is non-uniform

(b) magnetic field in region @ is non-uniform

(c) magnetic field in region @ is non-uniform

(d) all of these.

A particle of mass m and charge g moving with
velocity v enters region II normal to the boundary

as shown in the figure.

Region ] Region 11 Region III
x xX x X
X X X X
X X X X
—> X X X X
4 Ux x x x
X X X X

< >

I

Region II has a uniform magnetic field B
perpendicular to the plane of the paper. The length
of the region Il is I. Choose the correct choice(s).

(a) The particle enters region III only if its velocity
qiB

T
m
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24.

23,

26.

(b) The particle enters region III only if its velocity

iy

(c) Path length of the particle in region II is

IB
maximum when velocity v = AL

m
(d) Time spent in region II is same for any velocity
v as long as the particle returns to region I.

Consider the motion of a positive point charge in
a region where there are simultaneous uniform

electric and magnetic fields E = Eﬂ}' and B= B, }

At time t = 0, this charge has velocity v in the x-y

plane, making an angle 6 with the x-axis. Which of

the following option(s) are correct for time ¢ > 07?

(a) If © = 0°, the charge moves in a circular path in
the x-z plane.

(b) If 6 = 0°, the charge undergoes helical motion
with constant pitch along the y-axis.

(c) 1f © = 10°, the charge undergoes helical motion
with its pitch increasing with time, along the
}’-EI.XIS.

(d) If 8 = 90°, the charge undergoes linear but
accelerated motion along the y-axis.

A charged particle with velocity v = xi+ y}' moves

in a magnetic field B= y§+ x} . The magnitude of
magnetic force acting on the particle is F. Which
one of the following statement(s) are correct?

(a) No force will act on particle, if x = y.

(b) Foc (x* - y*) if x> y.

(c) The force will act along z-axis, if x > y.

(d) The force will act along y-axis, if y > x.

Numerical Value Type

A current I = 10 A flows in a ring of radius
ro = 15 cm made of a very thin wire. The tensile
strength of the wireis equal to T= 1.5 N. Thering is
placed in a magnetic field, which is perpendicular
to the plane of the ring so that the forces tend to
break the ring. Find B (in T) at which the ring is
broken.

27

28.

A thin, uniform rod with
negligible mass and length
0.200 m is attached to the
floor by a frictionless hinge
at point P as shown in the
figure. A horizontal spring with
force constant k = 4.80 N m

An elevator carrying a charge
of 0.5 C is moving down with
a velocity of 5 x 10° m s™'. The
charge particle is 4 m from the
bottom and 3 m horizontally
from P as shown in figure. What
magnetic field (in puT) does it
produce at point P?

4 m

« - e
L]
.

3im

An iron rod of volume 107* m’ and relative

permeability 1000 is placed inside a long solenoid
wound with 5 turns per cm. If a current of 0.1 A

is passed through the solenoid, find the magnetic
moment (in A rnz] of the rod.

Comprehension Type

| ®

-1

connects the other end of the
rod to a vertical wall.

The rod is in a uniform magnetic field B = 0.340 T
directed into the plane of the paper. There is a current
I =6.50 A in the rod, in the direction shown.

29,

30.

Calculate the torque due to the magnetic force on
the rod, for an axis at P.

(a) 0.0442 N m™, clockwise

(b) 0.0442 N m™ ', anticlockwise

(c) 0.022 N m !, clockwise

(d) 0.022 N m™}, anticlockwise

When the rod is in equilibrium and makes an
angle of 53.0° with the floor, is the spring stretched
or compressed?

(a) 0.05765 m, stretched

(b) 0.05765 m, compressed

(c) 0.0242 m, stretched

(d) 0.0242 m, compressed

. &
i‘i i‘i
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Set 75

?ROBLEM I

SINGLE OPTION CORRECT TYPE

A uniform cylinder of radius R is spinned about its
axis to the angular velocity o, and then placed into
the contact of a rough vertical wall. The coefhcient
of friction between the vertical wall and the cylinder
as well as between the horizontal surface is equal to
1/3. How many turns the cylinder rotate before it
stops? (Take g= 10 m s72)

2 2
(a) 2 (b) ==
= R 3 R
2
m{}R 1 2
C d) —mR
(c) 327 @ 401 "

A ballis projected from a point A ona smooth inclined
plane which makes an angle o to the horizontal. The
velocity of projection makes an angle 0 with the plane
upwards. If on the second bounce the ball is moving
perpendicular to the plane, find e in terms of o and 6.
Here e is the coefhicient of restitution between the ball
and the plane.

1

(a) 2 sinol cosB (b) -z-cntcr. cotf—1

3
(c) —sino cotO+1

4

A charge Q is uniformly distributed over the surface
of non-conducting disc of radius R. The disc rotates

(d) %cnta D

about an axis perpendicular to its plane and passing
through its centre with an angular velocity m. As a
result of this rotation a magnetic field of induction B is
obtained at the centre of the disc. If we keep both the
amount of charge placed on the disc and its angular
velocity to be constant and vary the radius of the

disc then the variation of the magnetic induction
at the centre of the disc will be represented by the
figure

oIN el

1 1

(c) B (d) »

L R—>»

Two batteries of emf €, and €, having internal
resistance r, and r, respectively are connected in
series to an external resistance R. Both the batteries
are getting discharged. The above described
combination of these two batteries has to produce a
weaker current than when any one of the batteries is

By Akhil Tewari, Author of Rank up Physics (JEE Main & Advanced), Director of School Toppers, Thane, Maharashtra, Ph.: +917900025559
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connected to the same resistor. For this requirement

to be fulfilled

EE_ g '."2 1"1
(a) must not lie between and
e : r,+ R
(b) =2 must not lie between —*— and -2
€, n+R "
£ : I I
(c) =2 must lie between —2— and —
€ r R r,+ R
€ : 2 r,+ R
(d) =% must lie between — 2 and -* .
& n +R R

NUMERICAL VALUE TYPE

-

A rod of uniform cross-section of mass M and
length [ is hinged about an end to swing freely in a
vertical plane. However, its density is non-uniform
and varies linearly from hinged end to the free end
doubling its value. The moment of inertia of the
rod, about the rotation axis passing through the
hinge point is xM[?. Find the value of x.

Diameter of a plano-convex lens is 6 cm and thickness
at the centre is 3 mm. If speed of light in material
of lens is 2 x 10% m s7!, the focal length of the lens
(in cm) is
(a) 10 cm
(c) 20 cm

(b) 15 cm
(d) 30 cm

A uniform rod of length / = 12 cm lies on a smooth
horizontal table. A particle moving on the table
strikes the rod perpendicularly at an end and stops.
Find the distance, travelled (in m) by the centre of

the rod by the time it turns through an angle g .

SUBJECTIVE TYPE

8.

@

Length of a horizontal

L':,‘(L'I
arm of a U-tube is L @
and ends of both the
vertical arms are open to
atmospheric pressure P_. : :
A liquid of density p is & Y
poured in the tube such I
that liquid just fills the horizontal part of the tube
as shown in figure.

Now one end of the opened ends is sealed and the
tube is then rotated about a vertical axis passing
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10.

' E A R R R R R RE R RN RN Ry

r-'---‘

¥s
2

through the other vertical arm with angular speed .
If length of each vertical arm is a and in the sealed
end liquid rises to a height y, find pressure in the
sealed tube during rotation.

A conical cup of height b, semi vertical angle o rests

open end down on a flat surface. The cup is filled to
height H (H < b) with liquid of density p. What is
the upward lifting force on the cup?

@

ﬁ

Before impact, the centre of the ball has a velocity

A spherical ball of radius
r and mass m collides

with a plank of mass
M kept on a smooth

horizontal surface.

v, and angular velocity w, as shown. The normal
velocity is reversed with same magnitude and
the ball stops rotating after the impact. Find
the distance on the plank between first two
impacts of the ball. The coefficient of friction
between the ball and the plank is n. Assume
plank is large enough.

Sameekshya Kar, Odisha 4,
Hariprashath, Pondicherry 5.
Nitin Kumar, Mumbai

Devjit Acharjee, Kolkata
Rajashree Tekaday
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A thin uniform annular
disc (see figure) of mass
M has outer radius 4R and
inner radius 3R. The work
required to take a unit
mass from point P on its
axis to infinity is

2GM

@ =2 @2-5  ©

(c) X () <2
4R

Four moles of carbon mﬂnm{ide are ml}{ed with four
moles of carbon dioxide. Assuming the gases to be
ideal, the ratio of specific heats of the mixture is

15 46 5 7
(b) e (c) = (d) 1

(@) =

11
The density of a solid at normal pressure is p. When
the solid is subjected to an excess pressure P, the
density changes to p”. If the bulk modulus of the

solid is K, then the ratio £ is
P
(0) Teie () des= (©) (d)
K P P+K P+ K

A radioactive substance is being produced at a
constant rate of 200 nuclei per second. The decay
constant of the substance is 1 s~'. After what time,
the number of radioactive nuclei will become 1007
Initially, there are no nuclei present.

(a) 1s (b) 2s

1
S
In(2)
Two masses m and M are
attached to strings as shown
in the figure. In equilibrium,
tan 0 is

(a) 1+M

m

2m
b) 1+—
(b) o

© 1+2 (d) 147
2m 2M

with Numerical Value Type Questions

A rocket is launched vertically from the surface of
the earth with an initial velocity v. How far above
the surface of earth it will go? Neglect the air
resistance. (Here R is the radius of the earth)

- \-172

(2) R(@_ (b) R(@q]
Vv Y, V

\1—1 5

(c) R(ﬁ_ (d) R(zgR J
P2 y P2

A uniform magnetic field B = 1.2 mT is directed
vertically upward throughout the volume of a
laboratory chamber. A proton (m,, = 1.67 X 10" kg)
enters the laboratory horizontally from South to
North. Calculate the magnitude of centripetal
acceleration of the proton if its speed is 3 x 10" ms™".
(a) 345 % 10" ms™™ {b) 1.67 % 10* m &
(0) 525 %10 mes © {d) 2.75% 10“m s~

of 10 cm s '. The

A transverse sinusoidal 5
m
\/’ I
wavelength of the wave

wave moves along a
string in the positive
is 0.5 m and its amplitude is 10 cm. At a particular

x-direction at a speed

time ¢, the snap-shot of the wave is shown in figure.
The velocity of particle P when its displacement is
5cmis

(b) ——@;m&. I

(d) —ﬁ;msl

When a certain metallic surface is illuminated with
monochromatic light of wavelength A, the stopping
potential for photoelectric current is 3V, and the
stopping potential changes to V| if it is illuminated
by light of wavelength 2A. Find the threshold
wavelength.

(@) 60 (b) % © 4. (d) 8\
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11.

12,

13.

14.

74

A boy is riding on a flat car of a train moving
with velocity 10 m s\, The boy throws a ball
which according to him makes angle 60° with the
horizontal and in line with track. An observer on
the ground observes the ball to rise vertically. How
much does he see the ball rise?

(a) 10.5m (b) 1Z2m (c) 153 m (d) 75 m

In a Youngs double slit arrangement, a source of
wavelength 6000 A is used. The screen is placed
1 m from the slits. Fringes, formed on the screen,
are observed by a student sitting close to the slits.
The students eye, can distinguish two neighbourin
fringes. Calculate the position of 31 bright and 5'
dark fringe from the centre of the screen.

(a) 1.5 mm, 2.2 mm (b) 0.5 mm, 2.3 mm
(c) 0.874 mm, 1.31 mm (d) 2.75 mm, 2.22 mm

Two parallel rails with negligible resistance are
10 cm apart. They are connected by a 5 Q resistor.
The circuit also contains two metal rods having
resistances of 10 € and 15 Q along the rails. The
rods are pulled away from the resistor at constant
speed 4 m s and 2 m s~ respectively. A uniform
magnetic field of magnitude 0.01 T is applied
perpendicular to the plane of the rails. Find the
current in the 5 Q resistor.

X g X X ¢ X X ¢ X
x x x x x x
4msie4— X XS500* HP2ms!
x x X x x X
x x x x x x
x b x x d x x f x
10Q 15 Q
(a) 1.455 x 107* A (b) 22 x 10°% A
(c) 0.78 x 107* A (d) 2x 10 A

A uniform rod PQ of mass 0.1 kg and
length 0.12 m can swing in a vertical
plane about A as a pendulum. A
particle of mass 0.2 kg is attached to ‘
the rod at a distance x from A. Find o
x such that the period of vibration is
minimum.

(a) 6.37 cm(b) 3.40 cm (¢) 2.75 cm (d) 4.38 cm

For an amplitude modulated wave, the maximum
amplitude is found to be 10 V while the minimum
amplitude is found to be 2 V. What is the modulation
index?

6
(a) =

X=1

il

2 1
(®) 3 &) (d)

1
3
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15.

16.

17.

18.

19.

A room is maintained at 20°C by a heater of
resistance 20 ohm connected to 200 volt mains.
The temperature is uniform throughout the room
and the heat is transmitted through a glass window
of area 1 m® and thickness 0.2 cm. Calculate the

temperature outside. Thermal conductivity of glass
-1

is 0.2 cal m™'s™' °C™" and mechanical equivalent of
heat is 4.2 ] cal .

(a) 20.02 °C (b) 15.24 °C

(c) 13.25 °C (d) 7.52 °C

A U-tube containing a liquid moves with a
horizontal acceleration a along a direction joining
the two vertical limbs. The separation between
these limbs is d. The difference in their liquid levels
is

(a) ¥ (b) 2da
g g
() & (d) dtan(ﬂ]
28 g

A circular coil of radius 1 cm, 500 turns and
resistance 2 L2 is placed with its plane perpendicular
to the horizontal component of the earth’s magnetic
field. It is rotated about its vertical diameter through
180° in 0.25 s. The current induced in the coil is
(Horizontal component of the earth’s magnetic field
at the place is 3.0 x 10 T.)

(a) 1.9x 107 A (b) 2.9 x 107 A

(c) 3.9x 107 A (d) 4.9 x 107 A

A pure resistive circuit element X when connected
to an ac supply of peak voltage 200 V gives a peak
current of 5 A which is in phase with the voltage.
A second circuit element Y, when connected to
the same ac supply also gives the same value of
peak current but the current lags behind by 90°.
If the series combination of X and Y is connected
to the same supply, what will be the rms value of
current?

) A (B} e

V2 V2
A tuning fork of frequency 512 Hz makes 4 beats per
second with the vibrating string of a piano. The beat
frequency decreases to 2 beats per second when the
tension in the piano string is slightly increased. The
frequency of the piano string before increasing the
tension was

(a) 510 Hz (b) 514 Hz (c¢) 516 Hz (d) 508 Hz

(©) g A (d)5A




20.

The dimension of lgn E2, where €, is permittivity

2
of free space and E is electric field, is
(a) [ML'T™’] (b) [ML™'T ™)
() [ML*T™] (d) [MLT ™)

21,

¥

23,

24,

25.

1.

Numerical Value Type

A quarter cylinder

of radius R and

refractive index 1.5

is placed on a table. »

A point object P is —pg e

kept at a distance mR from it. Find the value of m
for which a ray from P will emerge parallel to the
table as shown in figure.

A flat thin circular disc has a radius 4 cm and

. . 1 . o
a circular hole of radius E cm is made in it

with its centre at a distance of 1 cm from the
centre of the disc. The mass of the disc is 10 kg.
If the moment of inertia of the system about an
axis passing thmugh the centre of the hole is

N x 10~ kg m>, find the value of N.
N

A small sphere of mass 2.0 g

and having charge 0.5 mC is

suspended by a string between

the plates of a parallel plate .
capacitor as shown in the figure. b
What potential difference (in volt) between the
plates (separation 20 cm) should be applied so that
the string makes an angle of 45° with the vertical?
(Take g¢= 10 m 5_2)

A ball is allowed to fall freely from a height of
3 metres on to a fixed plate. The successive rebound
heights are hy, h,, hs, ... . If the distance covered by the
ball before coming to rest is x metres, find the value of
x. (Given that the coefficient of restitution is 0.5)

Find the resistance (in Q) between the terminals A

and B of the network shown below.
20 40 6 Q

AAAN—
1Q 8 O 120

SOLUTIONS

(a): Mass per unit area of the disc,
_ Mass _ M __M
n((4R)> —(3R)?) 7mR?

Area

Consider a ring of radius x and thickness dx as
shown in the figure.

2ntMxdx

7TR?
Potential at point P due to annular disc is

% GdM - GM2m';
" J Jarp+(xp 7R j JlﬁR? + x
3R
Solving, we get
AR 2GM
Vp =— iﬁfj‘ [V16Rz +x2 |, = _W@
Work done in moving a unit mass from P to oo =

Vo—Vo—qo_[=2GM B Jzsz B
p=0 ( i (44/2 =5) = (442 = 5)

(a): The ratio of specific heats of a mixture is
mCp, +1,Cp

Mass of the ring, dM = 62nxdx =

5 —5)

Tmi:-:tu re =

mCy, +m,Cy,
Cy and Cp for diatomic gas are 5R/2 and 7R/2
respectively, whereas those for a polyatomic gas are

3R and 4R.
Here,n,=4,n,=4

7 &
CPI = ER, CVI — E R or CPE = ":1-R, CVE — 3R

7

4xXx—R+4%x4R
Yimicture = —— _30_15
mixture = —
4><:§R+4><3R 22 11
(a): Density,p= if
dp__av 0
5 v
P
Bulk modulus, K =———
aviv

Substituting (i) in the expression of the bulk
modulus we get

P dp

P D)
dp p K
p
Since increase of pressure increases the density,
do=p" -p ..(1ii)

From (ii) and (iii), we get
PPt o B gt
p K p K
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(c): Let N be the number of nuclei at any time ¢.
Then,

dN
dt

N
ot _[ dN

) (200 AN)
In(200 - AN) - In (200) = - At

200—AN ) 200—AN _
lﬂ( o0 ]— —At OF 500 €

=200— AN

f
=[ar = —(In@00-AN)J} =t

1_M:E—M or N_@(l_ )
200 A

As N=100andA=1s""),

100 =200(1 -¢) or e =% s t=In(2)s

(b): In equilibrium,

T,cosb = T,cos 45° ..(1)
T>c0s45° = T3cos 45° ..(ii)
T,sin@ = T, sin45° + mg  ...(iii)
T5,sin45° + T3 sind5° = Mg ...(iv)
From (ii) and (iv), we get

M
T,=T,=—%

V2

Substituting this value of T, in eqn. (i), we get

M
T, cosO = f (V)
Substituting the value of T, in eqn. (iii), we get
+ M
Tlmnﬂ—?‘g-+mg ..(vi)

Divide eqn. (vi) by eqn. (v), we get
tanO = (1 g Z_m)
M

(c) : On the surface of earth,
Total energy = Kinetic energy + Potential energy

1, GmM
=—my: ———
2 R
At the highest point, v = 0,
GmM

Potential energy = —

(R+h)

where h is the maximum height.

According to the law of conservation of mechanical
energy, we get

1 , GmM _ GmM I GMh
== — = — or —v° =

2 R R+h 2 (R)(R+h)
1,  gRh ( =GM)
2“ R+h > R?
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| -
or R+h=£ or th(Z‘gR—l)
I i 2

(a): Here,

Magnetic field, B=1.2 mT = 1.2 x 1072

Mass of the proton, m, = 1.67 >-< 10 kg

Speed of the proton, v 3x10"ms™!

When an proton enters a uniform magnetic field
perpendicular to its velocity, it follows a circular
path and whose radius is given by

m,v
R=—— (1)
qB
Centripetal acceleration of the proton is
v: _ v?
a. = R 'mpv' (Using (i))
qB
L

iy

(3x10°ms 1) x(1.6x10777CIx(1.2x107°T)
- (1.67 X107 kg)
=345x 10" m s~

(a) : Particle velocity Y
vp is related to the i
displacement of the -

particle from the
mean position as

vp=2RUJA1_y or 1—’P=2;rc( )JAZ_:V

BEELA P
50

Since the wave is travelling in +x direction, the
particle P shown on the snap-shot must have its
velocity in +y direction at the moment of time
given.

= 2T 1 0.13(0.12 = (0.05)

(c) : According to Einstein's photoelectric equation

hc .
3Vye=—-W, st
0¢="~"o (1)
he .
Vee= i——Wﬂ ...(11)
Multiplying (ii) by 3, we get
3hc
3Vpe = =——3W,
€= %) ...(1i1)
Comparing (i) and (iii), we get
hc = 3hc _3W,
A 2\




10.

11.

12,

w, = e
4\
If A, is threshold wavelength, then W, = :—E
0
.. ?'t.ﬂ = 4?‘»
(c):

= _

J}L
X
—)

vr=10m 51

Vball, train = Yball ~ Vtrain

ﬁball = ﬁhall, train + ﬁtrain
Since ball moves in vertical direction, its
x-component must vanish.
Let the velocity of ball relative to train v, =v.

v, = v c0s60° —vy=0 )

and v, = v sin60° 3]
v
From (i), v=—o" -=20ms™
cos 60
and v, =20xsin60° =10y/3 =10y/3 m ™!
.
Vi
Maximum height reached by ball = —;

_ (1043
2X9.8
(c) : For angle more than 1’, angular fringe width

9, = p =7"'3* L (A51’= L rad)
180 %60

~15.3m

0

D d 180x60
-7
ie., d< 6x107" x180x60 . d_ . =2.06mm
m

Now as the position of a fringe on the screen relative
to central maxima is

D
=—(Ax
y=—ax)
So for 3" bright fringe as Ax = nk = 31,
Yag = 1 X3X6X1077 =0.874 mm
(2.06%10-3)

And for 5" dark fringe, as

Ao B <1702y
2

xgxﬁxlo—? =1.31 mm
206x10™ 2

(a) : Two moving conductors will act as a source
of emf. For rod ab, E; = Bvl = (0.01) (4) (0.1)
= 4 x 107 V and internal resistance r, = 10 Q.

Ve —

13.
14.

15.

Similarly, rod ef will also act as a source of emf,
E, = (0.01) (2) (0.1) =2 x 10~ V and internal
resistance, r, = 15 Q.

From Fleming’s right hand rule we can determine
the polarity of source of induced emf,

Vp>V,and V, > V7.

a ¢ ¢ e
n=10Q iEI'z"m”a“
b :" d (le'ﬂl f

From KVL in loop abdca, we have

4% 107 -5i; - 10i =0 (i)
and in loop cdfec, we have

~15(i-i) +2x 107 +5i; =0

On solving equations (i) and (ii), we get
i, = 1.455x 107* A.

(c)

(b): Let A.and A,, be the amplitude of carrier wave
and message signal wave.

Given,

A=A .+A, =10V

A=A -A =2V

On solving, we get, A,.=6V, A, =4V

Modulation index,

silil)

n= Am . Amax _Amin _ L) —2 _ i_ %
A A +A_. 1042 12 3
(b): Heat produced by the heater per second is
2 2
Q_ YV _(200F _ 29005
t R 20
2000
= cal s~ i
i we{1)
Heat transmitted through the window per second is
Q _ KA(T, -T,)
t d

where, T, = temperature outside.

Given T, = 20°C, d = 0.2 cm, A = 1 m” = 10* cm?

andK=02calm™'s'°C'=0.002 calem™'s7 ' °C.

Thus

Q 0.002x10%x(20—T,)
P 0.2

=100(20—T,) cal s
(i)
Equating (i) and (ii), we have
2000

10020 -T,) = =—
4.2

D
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17.

18.

D

20
20-T,) ==~
( )=

which gives T, = 15.24°C,

(a): Let A = area of cross-section of the tube,
p = density of the liquid
|2 1,
l,
| |=

Consider the section PQ of the tube.

Mass of the liquid in PQ = dAp

Pressure at P = Py + hypg

where P is the atmospheric pressure

Pressure at Q = Py + h,pg

Net force to the right on PQ = (h,pg - h;pg)A
(h, — h;)pgA = (dAp)a or (h, - h)g=da

or h,—h = p
g
(a): Initial magnetic flux through the coil,

;= BAcosO = 3.0 x 107> x (1 X 107™) X cos0°
=31 x 107 Wb

Final magnetic flux after the rotation

dr=3.0 x 107 x (% x 107%) x cos180°

= -3 x 10”7 Wb
N0, — 0.
Inducedemf,ez_Nd_q):_ (0 —0;)
dt ;
__500(=3nx10~" —=3mx10~")
0.25
_ 500X (6mx107") _ 3 @ 0 I0
0.25
-3
P 28 X10=V )
R 2 Q

(c) : As current is in phase with the applied voltage,
X must be R.

Vo _ 200V _ 40 O
I, 5A
As current lags behind the voltage by 90°, ¥ must

be an inductor.

V,
x, = Vo _ 200V
I, 5A

In the series combination of X and Y,
Z=R? + X2 =402 +40% =402 Q
V V

- B 200 _ 5 A

z =JEHZ_J5(40J’E) 2

=40 £

II‘IHS =
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20.

21,

(d): Let the frequencies of tuning fork and piano
string be v; and v, respectively.

V, =V, +4=5I12Hz+4

=516 Hz or 508 Hz

516 Hz
R (V)
512 Hz
(vy) sy
5 508 Hz
(V)

Increase in the tension of a piano string increases
its frequency.

If v, = 516 Hz, further increase in v,, resulted in an
increase in the beat frequency. But this is not given
in the question.

If v, = 508 Hz, further increase in v, resulted in
decrease in the beat frequency. This is given in the
question, where the beat frequency decreases to
2 beats per second.

Therefore, the frequency of the piano string before
increasing the tension was 508 Hz.

(b): Energy density of an electric field E is

1
up =—¢,E?
E=5E

where € is permittivity of free space.
_ Energy _ [ML*T ]
L]

[ ] = [ML™'T ]

~ Volume
Hence, the dimension of %EUEE is IML™'T _2].

(1.33) : We will consider two refractions at plane
surface S, and curved surface S,.

Refraction at Sy,

w1 —0
v, (=mR)
v; = — wmR. The image is virtual and on left of

surface §;. It acts as an object for refraction at the
curved surface.
Refraction at S,,

I M _1-u 1 1-u

v, —(mUuR+R) - (—R) v (muR+ R) B (—R)




22,

23.

as emergent rays are parallel to principal axis v, = . gE

- tan@ =—
On solving for m, we get mg
"= L _ i _4 Here, 0 = 45°
w-po (3y 3 3 E E
(E) 5 + tana5°=L or 1=42
mg mg
(Bl Hence electric field E = —=
q
Potential difference between the plate
d
V=Ed="%%
- . q -

Let O be the centre of the disc of radius R and O’ Substituting the given values, we get

be centre of hole of radius r at a distance d from the or y=2X107x10x20x107 _ 4 _ gy

centre of the disc. 0.5x107 0.5

The moment of inertia of the whole disc about an 24, (5.00) : Let u be the velocity with which the ball

axis through O” is strikes the plate and v be the velocity of rebound.

Let H be the height from which the ball is dropped.
I, =< MR? + Md? : i
2 S U=4f2gH
The moment of inertia of the removed portion of _
v=4J2g¢h
the disc about an axis through O" is ;
2 Coefficient of restitution, e = - = . ﬂ—l
Iz=lmr2=lMT—r2 ( m=£nr2) u \VH
2 2" R TR ,_h 2
| My e=§ or hy=e*H
2 R Similarly, i, = e°h, = ¢*H and so on.
The moment of inertia of the system about the Total distance travelled by the ball before it comes
given axis 18 to rest
B el R x=H+2h; + 2h, + 2h3 + ...
I—II‘IE*M[?” _ﬁ] —H+2¢H +2¢*H+28H + ...
2 | o4 6
Here, M=10kg, R=4cm=4x 107 m, =H(1 + 232 +2e ;2‘34+ )
1 1 =H[l+2" (1+e" +e +..)]
r==cm==x10~m,d=1cm=107 m 52
2 2 = H[l + == ]
16 10-# I=¢
= 1{}[? X107 +1x10~* — T ] (Using that it is geometric series and e < 1)
3 140.5°
=108 x 107" + 107 - 0.002 x 107%) sz[HE ]=3[ 2]=.’Jmf:tres
_3 2 ] —e° 1-0.5
=89x10 " kgm" = N=89
25. (8.00) : Let a battery of emf e connected between
(8.00) : A and B. The distribution of currents in the various
arms are as shown in figure.
Monthly Test Drive CLASS Xl BLW S04
E {c) 2. d 3. (¢ 4 (b) 5. (d
6. d 7. (¢c) 8 (d 9. (b) 10.(b)

In equilibrium, 11. (c) 12.(b) 13.(c) 14.(d) 15. (¢
TsinO = gE ..(iQ) 16. (b) 17.(a) 18.(c) 19.(a) 20. (a,bc)
Tcos = mg (i) 2L (bec) 22. (ab) 23. (ac,d)24. (c,d) 25. (a,bc)

Dividing eqn. (i) by eqn. (ii), we get 26. (1) 27.(6) 28.(5) 29.(a) 30.(a)
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Applying the Kirchhoff’s second law in a closed
loop AEFBA, we get

4I-1)+8(I-L+ L)+ 12(I- 1+, + ;) =€
241 - 241, + 201, + 1215 = ¢

6I—6I, +5I, +3I, =~§ (i)
& Adding (i) and (ii), we get
Applying the Kirchhoft’s second law in a closed 67 =3 P
loop ACDBA, we get = e (1)
2 +4(L - L) +6(; -, -I3)=¢ If R is the resistance of network between A and B then
or 121, - 10L, - 61, = ¢ e = IR ..(iv)
R . € (i) From (iii) and (iv), we get
2 R=8£2 ®®

JOINT ENTRANCE EXAMINATION MAIN - 2020

he National Testing Agency (NTA) will conduct the JEE Main-2020 Examination twice for admission to Undergraduate Programs in NITs, llITs and

other Centrally Funded Technical Institutions (CFTIs), etc. in the next academic year (2020-2021).The First JEE Main-2020 will be conducted in
January 2020 between 6™ January (Monday) and 11" January (Saturday) 2020 and the Second JEE Main-2020 will be conducted between 3™ April
(Friday) and gth April (Thursday) 2020.

As per the eligibility criteria for B.Arch and B.Planning courses and according to the opinion of Subject Experts, a few changes in the pattern of the
question paper(s) and number of question(s) for B.E./B.Tech, B.Arch and B.Planning have been approved by the JEE Apex Board (JAB) for the conduct
of JEE Main-2020 Examination.

The pattern of question paper(s) is given below:

TIMING OF THE

PAPER SUBJECTS QU"E";'T;"S:NS TYPE OF QUESTIONS EXAMINATION(IST)
First Shift | Second Shift
Mathematics 25(20+5) | 20 Objective Type - Multiple Choice Questions (MCQs) & |  09:30 a.m. 02:30 p.m.
B.E./B.Tech. | Physics 25(20+5) |5 Questions with answer as numerical value, with equal to to
Chemistry 25(20+5) | weightage to Mathematics, Physics & Chemistry 12:30 p.m. 05:30 p.m.
o 20 Objective Type - Multiple Choice Questions (MCQs) &
5 Rk Wtiemetis Sikat [N 20 5 Questions for which answer is a numerical value 09:3? Lk DE:BE 2altl
. Arch. . o , : . 0 0
Apmgde Test — Part | 50 Objeqwe Type - MI:J|’[IP|E Choice Questions (MCQs) 12:30 p.m. 05:30 p.m.
Drawing Test — Part |l 2 Questions for drawing test
Mathamatice — pact | 25(2045) 20 Db]EF’[IUE Type vIMultlpIe Chmce Quest_mns (MCQs) &
5 Questions for which answer is a numerical value
B. Planning | Aptitude Test — Part | 50 Objective Type - Multiple Choice Questions (MCQs) 02:30 p.m. to 05:30 p.m.

Planning Based
Questions - Part [lI

Note: The timing for those Candidates who opt for B.Arch. and B.Planning (both) will be 02:30 p.m. to 06:00 p.m. (IST)

The above Examinations will be held in “Computer Based Test” (CBT) Mode only, except that the Drawing Test for B.Arch. will be held in “Pen & Paper”
(offline) mode. A candidate may appear in B.E./B.Tech, B.Arch and B.Planning depending upon the course/s he/she wishes to pursue.

The candidates aspiring to take admission to the undergraduate programs at IITs for the year 2020 will also have to appear in B. E. /B. Tech. Paper of JEE
Main -2020. Based on the performance in the B.E./B. Tech. of JEE Main-2020, number of top candidates as per the requirement for JEE Advanced-2020
will be eligible to appear in JEE Advanced-2020. Admission to IITs will be based on category -wise All India Rank (AIR) in JEE Advanced,subject to the
conditions as would be mentioned in JEE Advanced-2020 website.

For the April JEE Main-2020, a separate notice will be issued later on and the candidates will be required to apply separately. However, candidates are
not required to compulsorily appear in both the tests i.e. January JEE Main-2020 and April JEE Main-2020. In case, a candidate appears in both the tests,
the better of the two scores will be used for the admissions and eligibility of JEE Advanced-2020.

Pl Objective Type - Multiple Choice Questions (MCQs)

For more information visit www.jeemain.nic.in
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Readers can send solutions at editor@mtg.in or post us with their complete address by 10" of

every month to get their names published in next issue.

Source, T;

o
w

Engine OW

DOWN

1. Material which do not break well beyond the elastic limit (7,8)

3. Angle enclosed between the tangents to the liquid surface and the
solid surface inside the liquid. (5, 2, 7)

The sound which has non pleasing effect on ears (5)
In an isochoric process, volume remains (8)
. The product of force and time (7)
10. Motion only under the force of gravity (4, 4)
11. Characteristic feature which differentiate a sharp and a flat sound (5)
12. Restoring force per unit area is called (6)
14. Ratio of change in configuration to the original configuration (6)
15. Quantity which is conserved during collision (8)

—

Q

Siﬂk, 15

16. The rate at which the body can do the work (5)
ACROSS

2. Reflection of sound waves (4)

3. The liquid rises in a capillary tube when angle of contact is (5)
5. The temperature below which water vapour begins to condense
and dews are formed (3, 5)

8. Work done by centripetal force (4)

9. Tone whose frequency is double the fundamental frequency (6)
13. The satellite which appears stationary relative to earth (13, 9)
17. It converts heat into work through a cyclic process (4, 6)

18. A measure of disorder of molecular motion of a system (7)

19. When air blows over a roof the force on the roof is (6)

®
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ia ntLeasps Ahead

The Indl:an Space H search
I__Bhandrayaan -2i$"95% S
It can send back valua

sation (I§H1I) Insttnutantqlth its lunar lander and rover but experts say the
stul” as the mission’s'space probe has been put in its orbit around the moon.

will help ISRO’s future missions. Here is a look at the missions the space
ency has lined up in the epmmg years

Reaching for the Sun

Aditya-1, 2019-2020 —

Aditya-lis India’s first dedicated
scientific mission to study the Sun. A
400 kg class space telescope will be
inserted into a halo orbit 1.5 million
km from the Earth to study the three

layers of the sun — photosphere, Befriending a solar sibling

chromosphere and corona, the outer (s
atmosphere of the starin our solar “»4— Mission Venus, 2023
| ISRO is planning a mission to

system. The mission is aimed at X

developing insights on the weather the Earth’s “twin sister”. Venus.

in space and to understand why the Both the Earth and Venus share
similarities in size, mass, density,

outer atmosphere of the Sun is 200
times hotter than the solar disc. The bulk composition and gravity. The
space agency will fly a spacecraft

satellite is expected to be launched

by next year. around 400 km over Venus to
conduct research and understand
its formation, its atmosphere and
its interaction with the solar wind.
The mission is expected by 2023.
Drilling with Japan
Back to Mars s Moon Mission, 2023

ISRO and Japan Aerospace Exploration ——p
Agency will send a joint mission to
the Moon’s south pole. The mission

Mangalyaan-2, 2024 —»
ISRO plans to return to Mars

through this mission. The success -’ includes landing a rover that will drill
of Mangalyaan has prompted the i N the Moon'’s surface to conduct scientific
space agency to send a second experiments. The primary focus will

probe by 2024, which . be to explore the existence of water.
will do dQEPEFSt”d'ES of e o - Japan is likely to provide the rocket and
the Earth’s neighbour ' 1 e a lunar rover, while India is likely to
and ur!derstand the - 7 i contribute with a lander for the mission,
evolution of the red v a follow-up of Chandrayaan-2. It would
planet better. explore the suitability of the region for
establishing a sustainable lunar base.

Facts about {603 cr X375 cr 3.8 tonnes

Mission cost of : Costofthelauncher, : Weight of integrated module
Chandrayaan‘z (handrayaan-2, India’s ¢ GSLVMk-3,India’s : with orbiter, lander and rover,
second mission to the Moon :  heaviestrocket @ including 14 instruments
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Origins of the universe

— Astrosat-2, 2025

India plans to send a second
observatory in space. It will be a
followup mission of Astrosat-1

— India’s first dedicated multi-
wavelength space telescope —
aimed at looking at the origin of the
universe and discover new planets.
ISRO is finalising a plan for the

.___q"":-"“
"u, _
v N l‘ '_'___/‘

T

o

i

_ Manned space mission
— Gaganyaan, 2021

Three Indian astronauts are expected to fly
to space in the country’s first human space
flight mission in 2021, nearly four decades
after Rakesh Sharma made his journey on
a Russian rocket in 1984. This time, the
Russians are helping India make the space
suits and train its astronauts to live in a
space capsule for the week-long mission.
A Geosynchronous Satellite Launch Vehicle
Mk-3, an upgraded version of the rocket
that sent the Chandrayaan-2 mission to the
Moon, will fly the astronauts — fighter
pilots selected from the Indian Air Force —
to space.

mission. -

Staying up there

Space Station,

around 2025

Within a decade, India
wants to have a space
station up there. The station
will help astronauts stay
longer in space to conduct
experiments. India wants to
launch the space station by

Gazing at celestial bodies

— X-Ray Polarimeter
Satellite, 2021

This satellite will measure the degree
and direction of X-ray photons from
at least 50 potential celestial sources.

2025 arou nd the time thLE' The satellite will have instruments
International Space Station built by the Raman Research
Is decommissioned around Institute. These will collect data to

2028. China is also planning
a large space station in the
lower Earth orbit.

help us understand the composition,
temperature and density of distant
celestial instruments. This satellite will
be launched in the circular lower Earth
orbit, around 500-700 km above Earth.

No of Indian
companies who
contributed to
putting together
GSLV Mk-3

No of academic
institutions

No of Indian companies involved in
:who contributed to . Chandrayaan-2
: making the spacecraft : project

' ' Courtesy : The Economic Times
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LSS IMUSING

SOLUTION SET-74

1. (c) : Let required minimum velocity of m be v,
Velocity of second bead after collision will be

m, —m 2m

v, = —=2—1L |u, + Ly, (. u,=0)
m, +m, my +m,

_ 2m 4

= o Vo or v, = Evﬂ

m -+

2

Similarly, you get of third bead after collision as

(4 ')2
== | v
3 3 0

So, velocity of n'M bead after collision will be

4'?T—l
"Ir"” :(E] "Ir’ﬂ

-1
But (vﬂ)min=44gR = ,/4‘?}:{:(%}7 v,

3
3 n—1 3 n—1
n=(3) ViR=(3] 2den
2U. U 2U
2. (@:R=—-<L and T=—2

g
After 15! collision, v, = eu,
After 15! collision,
T T
dy=v, —=eu, —
1 X y) X 2
e, ZH}, ~ eu U,
2 g g

After 24 collision, v_;_. =V, =eu,

Y ¥ 5
B 2v, vy _ E(Eux)(euy) _ 2e Uyl
8 g g
eu, U,
Now, d, +d, = (1+2e)
g

R eu. . u 20U

2 g 2g
e+2el=1 = 22 +e-1=0
By solving, we get, e= % =0.5

dy dx

X
. o 2_ 2 — —_—— %
4 ShH y-_JL * dt 2 _,2 dt

3
or v,=-— (2)
x

J52_32
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3
=—=msSs
2

At any moment coordinates
of centre of mass are

2}2
d .

Now, (veom)x = E(i’f ) =

2

_Ad(y\ 1y _1f 3 )__3
(FCDM)J’_dr(z)'z dr""z( 2)" e

(Negative sign shows that velocity of rod is along
negative y axis.)

g 2
YcoMm =J(VCGM ) ﬂ"’n:ﬂm)i ="P+E =% 1.25ms™

4. (d): As C moves, the string BC is slack and it gets
taut and impulse acts along BC, when BC makes an
angle 60° with AB as shown below.

A
g >

»v,

For BC system, from conservation of moment in

Y-direction, we have s

If v, and -v, be x and y-components of final velocity
of B then 5

For (A + B + C) systems, from conservation of
momentum along X-direction, we have
3mvy, = mv, + 2mv, + 3mv,

= Vo=Vt v, (1)

For particles B and C system, from components of
velocities along BC will be equal,

2
V] €0s60° +v, cos 30° = ——v, cos 30°+v; cos 60°

3
Vl ‘\/g 1—"3 Vz

5
= +—v, =—=——= or vV, — V3 +—=v, =0 __ (ii)
7 ) 2 o) \[5 1 3 \[5‘ 2

Since, impulse, ] = change in momentum, we can write,
For C along X-axis,

...(1ii)

Jcos60°=3m(vy —v3) = % =3m(vy —v3)
for C along Y-axis,

2 3 ;
]c0530“=3m(5+vg)=2mv2 =>?)'=2va (1)




On solving equations (i), (ii), (iii) and (iv), we get
2

5. (0.58) : In the figure, v,, = velocity of ball with
respect to wedge before collision and v'|, = velocity
of ball with respect to wedge after collision.

In elastic collision v, and v{,
will make equal angle (say o)
with the normal to the plane.
We can show that o = 30°

ZPOIR = 30°
— tan3ﬂﬂ=v—1 — 19
V2 Va

6. (3.00) : Along perpendicular to the plane,
1
0 =wusin(¢p—45°)t — E(gms%g)tz
22 u

4
Along the plane, ucos(¢ — 45°) = (gsin45°)¢

(22 u
sin(¢p—45°)
8

—— o

orf= sin (¢ —45°).

ucos(¢p—45°)

_&
V2
or ucos(d — 45°)
= 2u sin(¢ - 45°)

or % =tan (¢ —45°)

_ tan b—1

1+ tan O
Solving, we get
tan ¢ = 3
7. (17.00) : If at angle 0, ball breaks off, then

2

my N MV
r+ R : (r+R)

[Here N = 0 at the point

of break off]

1—’2

Fra
By work-energy theorem,

mgcosO=0+

gcosf=

1 1(2 v Y
{}+mg(R+r)(1—cDSB)=Emv2 +E[gmr2)[—)

g(R+r)(1—cosB)= %vz

10e(R+
3(R+r)—v2=iv2 = v=\/ gRYr)
10 17
m“E:JIUg(R+r)
r 17 X 1°

8. Asno external force

V)

is acting in horizontal < V1
direction on the system, .ot
linear momentum v,
of the system can be conserved along x direction.

2v
mv, =m(v, cosO—v,) = vy, =-—2

2 1 2 1
cos©

By work-energy theorem,

mg h :lmv% +lm[(v1 cnsﬂ+v2)2 +(v sin0)?]

2 2 5
1(2 Vv
+—=mr* || L
2
2gh =v5 +vi +v5 —2v,v, cOs O+ =1}

>
v, = velocity of ball with respect to wedge

2
7|1 4v
2gh=2v3 +2| —2— |-4v] =y, = o8
>\ cos” 6 14sec” 05
9. 1If a is the acceleration of rod, A
then net force acting on rod is,
_ = o
It MmgF ma dls 2
= a=——|ig D|st—>F
If o is the angular acceleration < B

of the rod, we use umg

z [\ ml 4F 6ug
Fl-|-umg|—= |=—.00 = oa=—-
(3 fomela )5 = o

Acceleration of point A on rod

loo. ( F [(4F 6
e T

2 2\ml |
F
ay =2Ug——
m
10. For translational
equilibrium of rod, we
have, N,sin6 = uN, ...(i)
N, + N,cosb = mg ...(ii)
For rotational equilibrium

of rod we get,
/5 h

T, =mgX—cosO—N, x——=0
< s 2 2”7 sin®
mgL sinBcosH
Nz —
2h -
From eqn. (ii), N, =mg — Z‘i sinBcos” 0
N, sin®
From eqn. (i), u= z::ﬂ
H‘IgL : o3 I
o)’ sin” Hcos® B Lsin’ 0cos
= . ;
mg_mgL sinBcos2@ 2h—LsinBcos” 0
2h ®®
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